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I T is all the same to our 
engineers whether you de- 
cide to lay down a Rs. 
20.000 jier mite pavement or a 
Rs. 1,000 per mile surfacing .... 
whether your problem is to 
salvage an old road or to sal- 
vage old asphalt. Our en- 
gineers will recommend the 
best and most economicai 
method to meet your parti- 
cular requirements. 
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Proceedings of the Seventh Meeting of the 
Indian Roads Congress held at Delhi on 
January 23 to 28, 1941. 

The Council of the Indian Roads Congress met at 10 30 A M on 
Januarj 23, 1941, at the New Delhi Toun Hall, Isen Delhi 

The following members of the Council were present — 

Mr K G "Mitchell c i r , 

Consulting Engineer to the Government of India (Roads), 

New Delhi 

Sn A Eakshmmara>ana Rao, 

Deputy Chief Engineer, Communications, 

Chepauk Madras. 

Mr R A Eitzherbert, 

Superintending Engineer, Central Circle, 

Public Works Department, Poona. 

Mr Mahabir Prasad, 

Offg Chief Engineer, United Provinces, 

Public Works Department, Lucknow 

Mr R Trevor Jones mc. 

Chief Engineer Punjab, Public Works Departmen 
Buildings and Roads Branch, I^ahore 
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Chief Engineer, Central Provinces and Berar, 

Public Works Department, Nagpur 
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Executive Engineer, Bhagalpur Division 
Public Works Department, Bhagalpur. 

Mr K E E Pennell, M c , 

Chief Engineer, Assam, 

Pubhc Works Department, Shillong 

Mr W R rieury. 

Executive Engineer, Sambalpur Du ision. 

Public Works Department, Sambalpur 

Mr H B Parikh, 

Special Road Engineer in Smd, 

Karachi Saddar 

Sardar Bahadur T S Mahk. c i E , 

Chief Engineer, Central Pubhc Works Departmtnt 
New Delhi 
ilr SjedAnfuddm 

Chief Engmeer. Public Works Department, 

Hyderabad Deccan 



Delegates 
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Rao Bahadur K J Gandhi, 

State Engineer, Junagad State, 

Public Works Department, Junagad. 
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Chief Engineer and Secretary, Patiala State, 

Public Works Department, Patiala 

Mr K L Nanda, 

Divisional Engineer, Palaces Divi'sion, 

Jammu Tawi 

Mr W J Turnbull, 

The Shalimar Tar Products (1935) Etd , 

6, Dyons Range, Calcutta 

Mr H E Ormerod, 

The Concrete Association of India, 

Esplanade House, Waudby Road, Bombaj 
Mr D Nilsson, 

Messrs. J C Gammon Limited, 

Hamilton House, Graham Road, Ballard Estate, Bombay 

Mr Ian A T Shannon, 

The Burmah Shell Company, 

Hongkong House, Calcutta. 

Dm an Bahadur V. G Shete, 

Retired Consulting Public Health Engineer to the Government of 
Bombay, 

322/2, Sadashtv Peth, Poona 
Mr N V aiodak. 

City Engineer, Bombay Jlunicipalitj , 

Bombay 

Mr. G B Vaswani, 

Assistant Engineer, Roads, 

Karachi Corporation, Karachi 



■ » irclc. 


Mr. S Bishiram, 

Superintending Engineer, Roads 
Public Works Department. Buildings and Roads 
Mr. N. Durnni, 


NoIlorV District. 


Branch, Lahore. 
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Lt N K Bhonsalc, 

Chief Engineer, Gwalior Public Works Department, 

Gwalior 

Mr K S Raglmachari , (Sccretarj) 

Assistant to the Consulting Engineer to the Government of India 
(Roads), New Delhi 
Mr Jagdish Pia^sad 

Assistant Executive Engineer, 

Public Works Department, Agra 

The following members of the Indian Roads Congress also attended 
bj special invitation the various tours of inspections — 

Mr A W H Dean, M c , E d , 

Supenntendmg Engineer, Delhi Prov ince. New Delhi 
Rai Bahadur M S Alathur, 

Executne Engineer, Special Division No i. 

Public Works Department, New Delhi 
Mr H P Smha 
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Public Works Department, New Delhi 
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Public Works Department, New Delhi 
Mr J B Vesugar, 
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Executive Engineer, III Lahore Provincial Division, 

McLeod Road, Lahore 
Mr R. N Dogra, 

Sub Divisional Officer, Public Works Department, Lahore 
Mr C J Fielder. 

The Shalimai Tax Products (1935) Limited, 

6 , Lyons Range, Calcutta 
Mr Allan Stuart-Lewis, 

The Concrete Association of India 
Oriental Buildings, The Mall, Lahore 
Rai Sahib Han Chand, 

District Engineer, The Concrete Association of India 
"JO, Queensway, New Delhi 
Mr Hugh James, 

The Burmah Shell Company, 

Burmah Shell House, New Delhi 
Mr I N Khanna, 

9 i Babar Road, New Delhi 



Presidential Address 


The Session was formally opened by the Hon'ble Sir A G CIo^, 
csi, ciK, ICS, Member of Governor General's Executive Counal 
m charge of the Departments of Communications and Railwajs, on the 
23rd January, 1941. 

In asking the Hon’ble Member to open the Session Mr K G Mitchell 
c I E I S E , Consulting Engineer to the Government of India (Roads) 
President of the Indian Roads Congress, deliv ered the follon mg address — 


Just over 6 years ago there was convened m Delhi, at the invitation 
of the Government of India, a meeting of 73 Engineers of Provinces and 
States and representatives of businesses connected with roads, from which 
meeting the Indian Roads Congress resulted For the first and three 
subsequent meetings the entire cost was defTa>ed by the Government of 
India from the Road Fund Subsequently, the Governments of Provinces 
and States agreed to defray the expenses of their delegates (who must 
themselv es be subscribing members of the Congress) 

2 From its inception, the Congress has steadily grown although 
there are still many who would, we feel benefit b> joining The atten 
dance at — -1 1- t- — ^ States 

were fret than when the 

Governm our last full 

meeting was izi 


3 These meetings require much organization in advance, and some 
months ago the question was whether the full Seventh Session should be 
held on this occasion or whether as a war economy, it should be abando 
ned On the one hand, we believe that the Congress is definitely useful, 
and t * ’ ided over all Prov mces and a 

uuml land was the feeling that, in 

the a^,^ , , and that it should, for the 

present, be avoided After reference to the Council and to Provincial 
Governments, we reached the compromise of having a meeting of the 
Council onlj This should m many wajs prove an advantage since the 
Council has much business to transact for which there is insufficient time 
when full sessions are m progress and at the same time have advantage of 
the presence of local members ° 


4 That IS the reason w hj this meeting is numerically small We 
would have preferred that, here m Delhi, we should have been at full 
strength, since It is here that we have the pmilege of meetinc von 
the Member ct the E'cecut.j e Ccuncl m charge of the Department of 

aTner^e/oU’'"e1o r'ot“‘o1a7J ;g:,V“’'D 

'■> Mr RCtsTorSe 


the ricttli te«ntl)''of Rai' ?iiincl’m's*N**Bhaduri7* “* "* 

M7re"horclrta""2flhror,"n?TO„,^^ 

Coorre, rod N rce ,.,cs,dc„ta 'of the Cor^gLf T\?;''fvcVo “^0“ gr^ 
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builders of bud^c** and of raids of uJucli the raids of Guihor and Mi«orc 
<liowniani fine examples \\ c shill greith nitss Ihcir pcniil pfc<cncc it 
our meetings and the benefit of their npc experiences 

6 Sir, it IS natural and inevitable that the fir<t question vvlttcli 
should arise in connection uith this meeting, is that of tlic activities of 
this Congress in relation to the vv-ar Last 5 car I expressed some npp 
rehcnsiou lest further rctrcnclinient in the prov ision for road niiintcnancc 
become necessarv, because, where the provision Ins alrcadv been scvcrch 
pared further reduction must mean deterioration Moreover wenow 
see widespread expansion of the arm> on wheels nil around us, and it 
sometimes appears to be forgotten tint it is not |X)ssiblo to separate into 
water tight compartments the subject of the roads and their nninlcnancc 
and that of the intensitj and tv pc of tnnsjiort which uses them I rejicat 
that the members of this Congress will do all in their power to preserve 
the roads from delcnoration but that because of the expansion of the 
mechanised arroj , an> cut in the provision for nnmtcnaiice would be even 
more unfortunate tlian it appeared to us a j ear ago 

7 It is obvaous, also that the development of the aTm> ou wheels 
will require some adaptation or improvement of a number of important 
roads particular!} because since tlie development of railwajs, this con 
sideration has not been prominent in our planning In the immediate and 
emergent adaptation that ma> be neccssarj , the members of this Congress 
will welcome the opportunitj of making some small contribution to the 
general war effort Lroking further ahead we see tint the army of the 
future will be highl> mobile, and while some of it maj be able to travel 
across countrj much will be dependent on good roads, and this aspect of 
road planning will not again I believe recede so far into the background 
as It had done m our time 

8 But at times like these, when the old order of many things is 

changing it is natural to look to the happier and more distant future, and 
we m this Congress are concerned with that of roads in India and their 
efficient development as one of the most essential of public services 
The conclusion of the last war saw the commencement of commercial 
motor transport in the mofussil of India brought about by the release of 
cumbers of •vehicles no longer required by the armj Likewise, at the 
end of this War, there will be ver> much larger numbers of vehicles and 
trained drivers looking for useful employment This release will, I 
believe much more than make up for the shrinkage in civil transport 
that may occur during the war and will be one of the many difficult 
problems of post war adjustment for which plans should be laid in 
advance There is an immense milage of roads m India m areas unserved 
by any modern means of transport and the improvement of some part 
pf ^ 1 , position Failing any extension of the roads 

motor traffic we shall I fear, see a repeti 
ut throat competition on the mam routes 
Mere is food for anxious thought and a field in which the members of 
this Congress giv en the monej necessary, could do much good Clearly 
“ere IS much more profitable work to be done that) there will be money 
to do it with Everything that we can do to improve what we call the 
road rupee ratio’ should be done 


V 
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9 Looking at the Indian road S3 stem as it is today, there appears 
to us to be a number of unsatisfactory features upon which this Congress 
feels itself entitled to express an opinion, but not to attempt to give a 
verdict It was for this reason that at its meeting in Bombay just over 
a year ago the Congress adopted a resolution advocating the appointment 
of a strong committee to examine the whole road position, and to make 
recommendations That resolution was forwarded to the Government of 
India but we understand, and we readily appreciate the difficulties, that 
Government find themselves unable to move, owm^ firstly to the pre 
occupations of the Central and Provincial Governments with the war, 
and, secondly, to the uncertain future consitutional and financial back 
ground against which any committee would have to consider the large 
issues involved 


10 Wilde, however we must regretfuli> recognise the inevitability 
of the postponement of the comprehensive review which we believe to be 
necessary, I may perhaps be permitted to refer shortly to certain of the 
salient points with which such a committee would we feel, be at once 
confronted giving at the same time my personal view thereon which 
generally represents I behev e that of the members of this Congress 
From the necessity of brevity, certain of the comments which I offer, ma} 
appear to be somewhat blunt, but I disclaim any intention of implying 
that there are not other points of v lew on these matters 

11 Snell a committee, then, would have to consider the following 
questions — ■ 

Firstly, IS the present condition of roads m India adequate to her 
needs and, if not, does the policy followed m recent 3 ears including the 
institution of the Central Road Fund promise the necessar3 improvement^ 

In m> opinion the answer to those questions must be in the negative 

Secondly, are the reasons for the defects in the present system 
Imancial administrative or technical ’ 


Here the answer, I venture to siv is tint nil tl ii •••.a 
As regards finance I behev e that a ■ 
adcijiiate development and imintem 

provided than heretofore, and that the problem of making up arrears of 

crUSrind' ^^asc, a„d «c-.raSll 

found tint the recovery 
of borrow «1 money I 

l>c more squarely fvet , ■ , ,1,,.,.. 

mono I as been 'i>ent at tunes m V*® ^^“ch 

tf v%hicli Ind lietn negUcted 'ind no I mamteiniice 

tn incv on road .hvclniuncnt uitlmnt m should ever spend 

fir th- future nnintcnanw of tl rn f funds 
will provided ° roads will not only be available but 
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12 On tlic adn»ni«trati\e «K!e there arc the exj^tioR tlni«ton 
which in «onic pirt«! of India is almost i\atcr liplit, between pto\incnl and 
local roads and the fact that Rcncnlh the condition of the former is fir 
superior to that of the latter Tins is, I knoa\, a dchcalc question hut 
the facts are patent for all to sec Our railwa\s coinphm, and not with* 
out some justification that coninicraal motor transport has concentrated 
on the mam rroMncial roads jiarallcl to or short circuiting, the radwaas, 
in order to share in the traffic alrcada creatctllj} the ratiwaas, hut Ins 
neglected short haul tran'jxirt of poods and pas^enpers on niral roads 
complementara to the railwaas a^Inch offers an almost boundless field 
of extreme! \ u«eful and lucralnc public 'cmcc It is notorious that 
there arc other causes besides the rclatixc condition of the different 
classes of roads which ha\c coni nbuted to this dcaclopment in the past, 
but It is equally certain that it is the unbalanced state of the road sj^tcni 
which has Jed in no «mill measure, to the unbalanced distribution of motor 
transport The reasons for the lack, of balance arc partly financial and 
partU technical On the financial «ide I would onla support that the 
tendencj all o\cr the world, avilh the increasing range of road \chicles is 
to transfer the financial burden from the locahtj to a wider area of tax- 
payers more thoroughh representing those whicli use the road Morc- 
o\er the smaller the administrate e unit the more docs its finance become 
dependent upon 3 ear to year fluctuations of the Mon«oon, and the les<; 
can regular proMsion for maintenance be assured On the technical side 
(m relation to the administratiy e aspect) modern road construction is a 
rapidlj de\ eloping science and it is not natural to supjxjse that the 
isolated local board engineer can alwajs lia\e at his disposal the knowledge 
and expenence necessarj He is indeed placed in an unenyiable position 
when deprned of the adyice and control of others of wider experience to 
share his responsibihtj 

13 The third mam reason for the backward state of roads in India 
I haye described genencallj as technical But this. I must emphasise, 
mcludes the technique not onl) of road making, but also that of the 
\ehicle that uses the road No one designs a railwaj without regard 
to the tjpe and weight of the locomottyes and rolling stock that are 
to use It, nor is the railwa> bridge engineer called upon to provide 
a bndge to can^ au> load yyliich the locomotiye engineer chooses to 
run o\er it But that is yery much the position in respect of roads 
^ opinion of this Congress that the unrestricted use of the 
road bj bullock carts carrjmg heavy loads on narrow and deformctl 
stwl tyres is a source of immense loss to the community and one of 
the greater obstacles in the way of the provision of an adequate road 
reasonable cost That statement we believe to be incontro- 
xertible The community may prefer this state of affairs to any attempt 
to remedy jt Our only care is that it should make the choice with its 
eyes Open The cart itself is, moreoyer, an extremely inefficient piece 
^‘^^s'port machinery, and the Congress has in consequence been 
j to focus public attention upon the desirability of conversion 
:°®’oek carts to pneumatic ty res, by presenting modern carts as prizes 
wh h and m other wajs That, of course is an immense problem 
th ♦ not be solved in a few y ears, but it is m our y lew deplorable 
arrangement should subsist whereunder the community pays 
w the roads, and the priy ate induidual is free to destroy them without 

vu 
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leahsmg what iiarm he is doing, and we believe that the question should 
be thoroughly ventilated, 

14 There remain the many technical questions relating to the 
economical and elHcient construction and maintenance of roads, so as 
to provide a safe and economical sen ice to the community Here the 
problems are, firstl>, research, and 5econdl>, intelligence The latter 
is equally if not more important than the former, because, under the 
conditions in nhich most of us work, it is difficult for the individual to 
keep himself up to date with the progress of knowledge which he should 
possess I believe that in the creation of this Congress we have gone 
a long way in the direction of ensuring the widest possible distribution of 
available knowledge There is still a need, I personally believe, fora 
modern text book of road engineering in India, not only as a basis for the 
training to be imparted in engineering colleges, but as a constant reference 
book for the >oung engineer and even for the older among us who, as years 
go on, forget parts of our A, B, C Towards the preparation of such a text 
book the Congress has made various sorties, but it has not so far been 
possible to find any individual wuth leisure to do the necessary spade work 


15 Among the objects of research, which is at present being 
conducted, I may mention that into the property of soils and the 
possibilitj of their improvement being earned on at the Punjab Irrigation 
Research Institute and the testing of superior road surfaces whicli has 
been commenced on the Test 1 rack at Calcutta In neither of these has 
our progress so far been what we would have wished and I feel tliat the 
subjects should be attacked with greater vigour than Ins been possible in 
the past I am frequently asked what practical results I expect to get 
from <oi\ research To this question it is not possible to give a definite 
answer, partly because, if the answer were known, research would not be 
nccessarj It may be that, as a result of this work, we shall regretfully 
be forced to the conclusion that nothing winch the wit of the scientist and 
the engineer together can dev ise will enable us to make any substantial 
improvement to natural earth roads under the wear and tear of medium 
bullock cart traffic I am not m>sclf as pessinimic as that but I feel that 
even a definite answer of that nature would give us valuable information 
and leave us with three clear alternatives which arc (a) stagnation or 
the expenditure of immense sums of monej for the construction 
maintenance of metalled roads or of less sums for trackwavs or / l 
widespread revolutionary change in the form of the bullock cart n..? 
there arc other a->pccts of soil research Man> of our mam trunk roads 

I with the increase in motor 
_ out of the dangerous state 

those \)cims and to Tcilurc that number of accident »«'prove 

wa> to widen the existing rnetallinv at less **■ show us a 

lij orthodox rnctliods *pcnsc than is now necessary 

™ ... ...... 
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Our experiments «;o far ha\ c birclj toiiclied the fringe of this diHlcuIt 
subject because wc ha\e started witli tests of a metalled road, surface 
treated \Mtli tar or bitumen which, for certain technical reasons into 
which I need not enter here, is the most difiicult specification to test 
under the Test Track conditions Bj the clmiination, howc\cr, of all 
\anables of climate and traffic, bj the accelerated tests which we can 
undoubted 1 > get on the Test Track, and b> careful quasi laboratory 
ob‘Cr\ation and control we hope to arrive more quickly at a comparative 
examination of difTcrcnt specifications than would be possible by com- 
paring the results on different lengths of open roads, subject to a variety of 
differences m climate and traffic 

17 I will not, however, weary you with a long catalogue of the 
various objects of re«earch and experiment, because I think that the 
necessity IS sufficiently obv lous I am, liowever, conv meed that in this 
matter of research we have been too Iiesitant Partly because of the 
temporary nature of the Road Fund and all that goes with it, and partly 
owing to other pre*occup 3 tions and lack of the necessary organization, we 
have embarked, I feel, only half heartedly on a subject which should 
be dealt with either thoroughly or, possibly , not at all by a central orga- 
nization Whetlier or not more elaborate central organization should be 
set up IS a question that has to be considered in the future 

18 These are some of the points which, we consider, could usefully 
be examined by a representative committee, since without a review of 
the whole position we feel that a more balanced road system 111 which the 
condition of the mam roads will be much better than it is, and that of 
the rural roads will be as good — for their purpose — as that of the mam 
highways, will not be within measurable reacli Looking to the possibih 
ties of the future, I would suggest, as one consideration, the sometimes 
forgotten canon of public finance that the authonty or legislature, 
responsible for imposing the taxation from which certain revenues are 
denved, should be responsible for the proper expenditure of those revenues 
and should not to the extent which is at present prevalent give doles to 
some other authority and wash their hands off the results This coupled 
TfiVh the pnnciple that the cost oi roads should be distributed between 
different authorities according to the measure of the interest of each of 
them, suggests that, ultimately, roads m India will be divided into Central 
or Federal roads. Provincial roads and Local roads on the basis of their 
use. This sub division of responsibility for roads is now generally 
practised in Federal constitutions and, if India were to follow suit, we 
should in time see a great system of national highways developed and 

in relation to the traffic on the various 
“ finances of the sometimes not very 
■ gh which the different sections pass 

1 am awa-^ r . ^ . r recent 

jears, and ,rt, the 

Govermnen ^ to some 

extent the u<=e of the Central Road Fund for the development of the mam 
, when the regulation of traffic competing with railways on these 

jfie '^^5ond their control, but itself m a somewhat 

jointed condition Now that the machinery of control is m existence. 
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the danger IS less and, while I firm ty belie\e m the imperatue 
of developing roads m rural areas unserved by railtta>s, as a lover of good 
roads I hope also that the time is coming when money will be more freelj 
available to improve the efficiency, the amenities, and, abov'e all, the 
safety of the mam highwavs of the country 

xg Sir, I will detain >ou only a few minutes longer to refer brieflj 
to the work that lies before this meeting We are to consider the latest 
report of the sub committee on sod research and the report of the technical 
sub committee dealing with the Test Track at Calcutta (to which I have 
already referred) and with a host of other matters We have to consider 
a proposed classification of roads, which means the evolution of a brief 
formula of sjmbols from which the salient features of a road can be seen 
at a glance We have also a proposal for a uniform classification or 
grading of traffic statistics in relation not odl> to total volume but also to 
the proportion of different tjpes of vehicle and to unit weights Such a 
classification is very necessary m order to enable us to compare on a true 
basis the performance of different types of road m widely scattered places 
We have to consider how far we can afford to continue to give prizes of 
pneumatic-t> red carts at cattle fairs , and we have an analogous proposal, 
to consider whether anything can be done to ev olv’e a wheel, less damaging 
to roads than our steel tj red enem j . that could be made in the village 
The specific proposal for consideration here is that we should offer a prize 
for the best design We have also a proposal from Assam to form a 
local branch of the Congress in that Province and a number of other 
questions relating to the management of the Congress 

20 A number of papers, actually g have been prepared which 
would have been read and discussed had the full session been held on this 
occasion These have been printed as usual and will be circulated to all 
members for discussion by correspondence The Council will make 
extensive tours of examination of roads in and around Delhi where there 
IS great vanetj , graded to the traffic of the different localities, including 
the finest all conciete roads, nearly all possible variations of the use of 
bitumen and tar, trackways, and a demonstration of soil stabilization 


I think we can claim. Sir, that we who have the responsibilitv 
of providing the roads, by forming ourselves into this Congress by writing 
Papers, and b> our annual subscriptions which, with a small suijsidv from 
the Government of India maVe us self supporting, have done and 

doing all or nearly all that we can to give jou the best roads possible for 

the money available and to fit ourselves to nnnlir 4- 1.-, k ^ lor 

whauv er Lther money may m time baveUen ^ 

22 Sir, I have kept you long and it oni, » 

you to declare this meeting of the Council open ^ for me to ask 
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Declaring tlic mectmg open Sir Andrew Clow s*iid 


I share Mr Mitchell s regret that circumstance^ inahc it rltfiicult to 
secure at present an\ comprehensue icmcw of roatl polic> forwcjmc 
now reached a 'tage M lien, if conditions liad been more auspicious, we 
might well ha\e panned to take stock of the position and decided Ijovn to 
set our course for the future 

But the demands of the war on our energies arc imjicralue and the 
situation with itsfinancul and coustitulioml unccrtaitilics, is not one m 
which reJiabte long Icnti plans can be prepared 2 a en m such a matter 
as road making in India the war is alrcadj pla>ing a big part, and it ts a 
matter for satisfaction that m this sphere the war effort should lea\e 
behind »t something of lasting \aluc to the communitj 

If we were able to undertake an> comprehensive review of what 
has been achieved m the last lo j ears, we should find ground both for 
satisfaction and for nu^gumg The development of the mam road sjstem 
has been extensiv e, and it has had big effects on the life and the economy 
of India 

Mr Mitchell, who Ins done so much to lead and inspire this deve- 
lopment, can look back on a big achievement But few will question his 
appraisement when he refers to the unbalanced state of the road s>stem 
This IS a subject on which anj one vvlio, like m>self is interested in 
railway traffic touches with diffidence , but it does seem that a dispropor 
tionate amount of our resources has gone to developing the mnm arteries 
and that the large and virtually undeveloped rural tracts have got rather 
less than they deserve, and much less than they need 

Mr Mitchell’s analjsis of the causes is instructive I wonder if to 
the factors he mentions, vve should not add another That is the unduly 
close connection between road development and the internal combustion 
There hss been s iendeticy to taik as if the ciiotor iviiKie fvas the 
only user of the road We hear constantly of the needs of motor 
transport but very little of the needs of those who depend on time- 
honoured means of transport such as the bullock cart and the ekka Can 
it be that this is because those interested m motor transport are more 
vocal } They liav'e a press to voice their woes they form associations, 
they conduct propaganda, while their rivals on the road are mute More- 
over, as town dwellers they .or might I even say we? naturally 
think first of improving facilities between cities and along routes which 
are already famihar 

But the fact is that the biggest Indian road problems did not start 
With the introduction of motor transport , they are not even now, m the 
mam, problems of motor transport, and they will not m the future relate 
wlely to motor transport The villagers needed a good road long before 
the internal combustion engine was Invented , and most of them a 
waiting for it still 
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E\en among more modern forms of transport the motor is not the 
only one to be considered m planning roads There is surel} a future for 
the bicj clem India, and the c> clist whether he carries goods as manj 
do now or only himself can be provided with an adequate track at a \er% 
small cost This Congress is helping to restore a sense of proportion b> 
considering questions of bullock cart traffic 


The loud \oice of the motor owner tends to make the pubhc think 
that the problem is one of pre\ enting the bullock cart from spoiling 
the motorists road you gentlemen know that it is more a problem of 
gi\ mg an adequate road to tlie bullock cart itself Here there should be 
an immense future for the pneumatic t> red cart I am not sure that I 
share all Mr Mitchells financial views but I belie\ e that m some areas a 
loan to make it possible to transform all the carts o\ er a large area would 
quickl> justify Itself It would give an immediate sa\ing in maintenance 
and would enable us to develop the countryside at a far smaller cost per 
mile than is possible at present 

Problems of that character can perhaps be tackled and soKed bj the 
orthodox methods of securing funds and appb ing them But I doubt 
mj self if the wider problem of rural transport is soluble by such methods 
I find It difficult to \isualize anj loan or tai m money that will supplj 
the countryside with the great network of all weather roads that it needs 
Is It perhaps possible that the solution lies not with any external official 
agency but with the people themseU es ? 

The capacity of most people m this country to contnbute m money 
towards public work and public welfare is sorely limited but there are 
multitudes who could contnbute m kind Here where we are constantK 
told that so many have time to spare road making would bring quicker 
results than the spmnmg wheel is likely to achieve 


About 70 y ear:s ago Ruskm who was then Professor of Art at Oxford 
took his students out to build roads in the surround mg country England 
scoffed at the absurdity of the idea for in this as in other ideas he 
was V ears ahead of his time He was trying to teach lessons that we have 
not yet absorbed fully today-the dignity of labour the value of us, n- 
one s hands the importance of social sen ice and the need of eommor, 
by all classes for all classes of men common effort 

It will be said that any big advance ainno 1 . 

posMble without a measure of compulsion and that^he nubhe^^r J 
would not accept compulsion I think that ,s tr.?e ar 
centunes of begar remain and this would Memones of 

days when roads both m India and rttren ^ return to the old 

b> forced labour But Sch forad SurTar n,amta.ocd 

because it was largely imposed by external f disliked 

of poor men for the beneiit of othere ^ ^ authority on a limited number 

that oU°ncVa"d%Mr alike BMp'o resohing 

C0......0U fluent = I-S.ua., 





PAPER No A — ^0 


INTLRMLDUTL SCREW PILLS I OR THL I0U*ND\TI0N 
01 BRIDGES IX SOI'T SOII^ 

B\ 
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It IS common kiiottledge that of all Branches of Cuil Enginecnng 
works the foundation problem ecpccnll} that of a bridge m sub aqueous 
soil IS most uncertain and consequent^ it is one ulirch is most diflicult 
to decide with mathematical precision unlike other structural parts 
Considerable literature on the subject has been produced bj eminent 
engineers all more or less based on personal e\pcricnce and though tins 
has defimteL helped to formulate methods of soU ing sev eral practical 
difficulties met with m construction one cannot with anj degree of 
accurac\ e\en now decide what the beha\iour of the particular soil will 
be for the particular work that is proposed It is general practice now 
to take tnal borings at the site of a proposed bridge and determine the 
geology of the sod basing on winch the nature of the foundation is being 
decided But eien m this case there are some unknown factors which 
make the decision \ ery often fault j TJie reason is that the action of the 

boring equipment tends to disturb the underground strata of soil to such 
an extent that the sample may bear verj little resemblance to its normal 
form at the strata level However as a preliminarj investigation this is 
the onlj means generally available for preparing designs and estimates 
The result oL experience in one of the bridge works where the above 
statement has been proved is the subject matter of the present paper 
which the author hopes will be of some interest to the members 

The bridge m question is situated near Kottayam Travancore 
on a second class unmetalled road which is intended to carry lorries etc 
up to 5 tons or a moderate sized motor or diesel roller Borings of site 
of the bridge m question taken prior to the construction showed lo feet 
loose clay at top and 2 o feet ordmarj cla> below It was anticipated 
that stiffer clay would be available further below On these assumptions 
and m accordance with the usual practice adopted in such soils at the 
locahty abridge with screw piles was designed and the estimate was 
sanctioned According to this design the bridge platform carries a lo feet 
roadway resting on rolled steel girders supported over ordinary screwr 
piles 36 feet long (Figure i) the soil being known to be clay The load 
Deanngon each such pile was calculated to be 8 tons and the area of the 
was 9 j Square feet resulting m a pressure of S 4 ton per square 
not The work was taken up and the piles were screwed down one by 
one to the estimated depth It was then noticed that the screwing was 
eiy easy and that the piles did not appear to be capable of bearing the 
equisite load Therefore a test load was applied when each of the piles 
asUy subsided further under an 8 ton load To find out therefore. 
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what load the piles could bear, each pile was loaded with test loads in 
stages To begin with a load of 8 tons was imposed on one of the piles 
and allowed to remain An immediate sinhage of o ro foot was noticed 
A week later, further subsidence of o 125 foot was observed A further 
load of 4 tons was then put on This gave a further immediate subsidence 
of 0 10 foot followed a w^eek later by a further o 125 foot and two weeks 
later by a further 0 055 foot The load was then increased to 14 tons 
There was no immediate subsidence, but after a week a set of o 14 foot 
was observed The load was left m position and the final total set after 
2 months was 0 57 foot Consequently, the addition of piles at this 
juncture to lengthen the column and screiving them dow n to refusal did 
not seem practicable or profitable as no amount of screwing down further 
would enable them to bear a greater load The only other alternative 
was to abandon the system of screw piles, thus provmg that the clay met 
with was extraordinarily loose and could not be relied on for foundations 
A similar experiment was made on another pile winch has been screwed 
down to 30 feet below ground lea el This showed «5iiiiilar results but the 
total set w as 0 fir foot There was however, nothing to indicate that 
imposition of a further load would not cause a further set 
Instead however of abandoning these screw piles the writer 
thought of the addition of another larger intermediate blade for 
each set of the pile thereby tr>ing to see jf the increased area of screw 
surface would not make up the required bearing power of the pile 

and 2 feet 7 inches 
inufactured in the 
inserted under the 


top pile and immediately below the ground level, but between two inter 
mediate piles The whole column was then subjected to screwing with 
capstan'^ The result was phenominally satisfactory but ga\e somewhat 
varjing results The system of piles went down further to depths vary mg 
from 3 to 12 feet but refused to go down any further, owing to the 
combined resistance of the double screw , one at bottom and the other 
nearer the top The capstans used had eight arms with four men on each 
arm Thus the combined force of 32 men was found unable to screw 


down the pile any further and further attempts Were stopped This 
having been screwed to refusal was test loaded and each pile was found 
to withstaud a load of 14 tons without any subsidence, thus proving that 
it will be able to take all ordinary loads which may come over the bndge 
The members of this Congress may work up the theory to explain how 
the system proved successful by the introduction of the intermediate oile 
The writer was able to make a satisfactory job out of a verv difficult 
situation and it was thought that it could be copied with profit in similar 
Situations elsewhere. ^ in similar 
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Introduction 

All men including that body of men called engineers Ii\e to learn 
and even if it is only human to err the engineer for one is never forgiven 
for anj mistake of his nhich ultimatelj costs the ta\ paj ers large sums 
of monej So it behoves us all to anal>se carefu]J> the causes leading to 
the failure of engmeenng structures so that v, e maj guard against the 
avoidable mistakes and pitfalls in similar constructions elsewhere by 
utlh^lng the knowledge gained from past failures We must review our 
failures critically m the cold unbiassed attitude of the scientist md we 
should Severely check the natural tendency to cover up our defects which 
can Only lead to further and probably more costly failures 

In this paper the writer presents the broad details about the failure 
of an elliptical arched stone masonry spill bridge which occurred about 
13 > ears ago As usual the human element about this failure is now very 
nearly forgotten and it is recorded here as a tribute to the engineers con 
cemed with the reconstruction that they all acted in the best of their 
beliefs and they spared no pains to save this bndge that was really not 
warranted by traffic requirements and should not have been constructed at 
all and should have been left to its fate when it was severely damaged 
Ly the Baitarmi flood of 1927 

History of the Bridge 


The river Ba o* r i 

hills forming the 
forms for some dist 

State and at a point about 66 miles below its source near the village of 
;^mtgarh it IS crossed by the mam road from Cl aibasa (36 miles) to 
iweonjhargarh (33 miles) which ultimately goes on to Puri (Jagannath) 
wa Jaipur Road 
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In the ye'ir 1912 (after the separation of Bihar and Orissa from 
Bengal) detailed plans and estimates ’nere called for constructing a high 
level bridge across this river by the Government and negotiations some 
how led to the States Engineer of the Orissa Teudatorj States to be en 
trusted with the work of preparing the detailed project for this bridge 
which was submitted bj him at the end of 1913 'fhe detailed plans and 
estimates were sanctioned by the Government in 1915 for the construction 
of a steel N girder bridge of 2 spans of 200 feet each (width of roadway 16 
feet) and a stone masonry arched spill bndge comprising of 30 spans of 30 
feet each (width of roadnay feet) farming the northern approach to the 
mam bridge from Chaibasa side The construction also of the above 
bridges was carried out by the States Engineer b> his own staff and con 
tractors and the bridges were official^ opened on Alarch 5 1917 
total cost of Rs 3 23 i8g was shared equally between the Government of 
Bihar and Orissa and the Keonjhar State B) a subsequent agreement 
for the proper maintenance of the bridges the charge of these bridges 
was made over to the Public Works Department of the Government of 
Bihar and Orissa on November 7 1919 It will be of interest to note 
here that the roadwa> over the approach road and the spill bridge at that 
time was duly gravelled consolidated with a hand roller and for want of 
traffic grass grew freely over the bndge and its approaches The traffic 
preferred the old low level road which was kept sufficiently high and dry 


After the spill bridge had been taken over by the Public Works 
Department an examination of the bridge with reference to the completion 
plans revealed the fact that although the foundations of the mam girder 
bridge pier and abutments had been earned down to rock the piers of 
the spill bridge had been taken do vn about g feet only from ground level 
and left to rest on clay Orders were immediately issued by the Chief 
Engineer for taking borings near the ■^pill bndge piers and the results of 8 
borings taken in 1920 conclusively proved that cla> continued to as low a 
depth as 35 feet below ground level No rock was met with even at 40 
feet It was then found from the records that the State Engineer when 
submitting the estimate for the project in 1913 had given an assurance 
ihis bank {nortJ ern) ts fairly closely underlaid by rock {thus sajef^uarding 
the main bridge abutment and preventing any extensive scour) Whether 
aay borings to prove rock were actuary taken before the constracfion of 
the spill bridge is not on record The boring sections clearly showed up 
the grave potential danger to the structure from possible flood scours but 
it appears that it was not considered senous enough for the then Chief 
Engineer observed that the spill channel would not come into operation 
except m very abnormal floods and that there were reasonahle ^ 

conadcringthe sp, 11 qmte safe from erosion of .,s bed ^ Ho^vw 

ps ‘should any scour 
al inspection of the 


*ce whether the mam riv e/ 5 as^tendmg\rd^^^^ spdl channel to 

the mam stream for the next six years channel into 

high and drj and no flood uiter pLed throu-h 

p«taUon,^cn ,,37 ‘o 1 ’'"\rr?v?r Ba." 

len There was a 
to 4 feet below 
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cpnngmg) md there ^^as hc'\\> ccoiir all nround the piers minimum scour 
being 10 feet 'ind the erage ‘tcour 7 feet below bed lev cl The fotinda 
tions of the piers of four arches settled one is much is r foot 6 inches 
and these irchcs criekcd \cr\ badh — in one ci«c 3 inches wide right up 
to the road surf ice The I iidge pinj et wills also got cricked iiul kinked 
Thus the troiillcs started with an erstwhile safe bridge and all the sub 
sequent attempts at reconstruction f iiltd and the abindoiicd bridge stinds 
now as a liiulinark near the southern bnundir) of Smghbruini silhouetted 
against the bad ground of the distant azure hills of Ma> urbhaiij 

Geology of the area 

In bouth binghblumi tl c alluv mm m the ri\ cr \ allcjs is underlaid 
b> granitic rocks m the form of boulders and gra\cls it \ar>ing depths 
and higher up the hill sides arc capped with latcrite which rests 
mdiflerentl} on metamorphic rocks of the Dlianaarian Scries and this 
top soil IS brought down b\ the rams as the rich red silt in the flood 
water The granitic rocks around Jaiiitgarh which \ar) from a basic facies 
to acid granite are at most places of the felspathic type which owing 
to sericitization by lj> drothennal agencies ha\c led to the formation 
of large Kaolin deposits 

The presence of Kaolin m the alluMum crust (although very 
favourable for the growth of bumper crops of nee in this area) has led to 
the treacherous Kewal formation on which the spill bridge piers had been 
unfortunately founded and which settled and cracked so badly after the 
flood of 1927 The peculiar nature of the soil demanded special protection 
of the piers and flooring by adequate curtain walls and pitching which had 
been overlooked m the original construction 

The River BaltarinI 

The river Baitanni whicli rises 111 the hills on the western boundary 
of Keonjhar State at an altitude of ‘^ome 2 750 feet drains an area of about 
700 square miles of fairly densely wooded steep hilly catchment of south 
Singhbhum and the State above the site of the bridge and although it 
presents a practically dry bed during the summer season like most rivers 
of Chota Nagpur during the monsoons it discharges torrential floods charged 
with huge quantities of reddish silt at high velocities By its periodical 
devastation of Orissa and the upland tracts, it has fully justified its name as 
the River of Hell (Styx) There are records of devastating floods m this 
river m 1864 2874 1896 1920 and 1927 The flood m 1927 is regarded as 
phenomenal This y ear also (1940) there has been a heavy flood which 
caused breaches m the Bengal Nagpur Railway m Balasore District and 
badly damaged the ameut across this river at Akhuapada near the sea 

At the site of the bridge the river was known to be subject to 
exceedingly high floods at times when the flood waters invariably spilled 
across the line of the original road which was practically level with the 
country The importance of this characteristic feature of the river at the 
bridge site does not appear to have been fully realized m the design of the 
spill bridge which is discussed later 

Before the designs for the bridges were taken up by the States 
Engineer the Executive Engineer, Public Works Department who was 
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instructed to co opcr'ite with him in discussing tlie fciturcs of the left Mnk 
and their bcariiip' on the hrutfic project asccrtiined from inqiimes from the 
oldest vilhgers in 1913 tint the Inglicst flood level ms reached {within hv 
ing mctinry) in 186} when it nincd continuously for 13 days The banks 
were overtopped and there uas a mo\ing sheet of water a mile wide The 
spill took 5 da>s to subside and there was a fairly strong current 


Only four ) cars before tlic construction of the bridge the river 
spilled across both the banks and again during the heavy flood of 1920 
tiic flood rose rapidly to w itlim 20 feet below the girder bridge but there 
was no erosion of tlie bed of tlic spillway which was just reached bj the 
floodwatcr But the phcnonicml flood of 1927 upset all previous records 
and calculations and one of the many structures that were badl> damaged 
IS being discussed here 


Tho Phonomonal Flood of 1027 


there had been daily rainfall m the catchment during the prccc 
ding weel and it started raining heavilj on July 2S 1927 and on July 
28 29 at Champua (on the other bank of the rivorj 22 24 inches of 
torrential ram fell in 13 hours from 8 A M to 9 P M 1 hat there was 
intense and w despread rainfall through out this and adjacent catchments 
will be clear from the rainfall records (Tabic A) of the rain gauge stations 
near about this area and it is estimated that the run olT from this 
thoroughly saturated and fairly steep catchment was of the order of So per 
cent All the rivers in Singlibhtim were ill heavy floods and the flood m 
the Kharkhai put out of action the railwaj bridge near Jamshedpur winch 
was also flooded in parts by the Siibarnarckln 


Ihe villagers living on the side of the lulls m Keonjlnr State found 
avast sheet of water coming do vn with great \elocity a sight never 
seen by them before This vist sheet of water swept away cver> thing 
on its way — cattle houses men all kinds of wild aminals and even 
elephants into the river Baitanm In the plains of Onssa railea bclAur 
the bridge site tins phenomenal flood flow was obstructed by the Bengal 
Nagpur Railway embankment the Onssa Irnnk Road and the Ingli 
level canal embankments which were breached m innumerable places and 
suffered the heaviest losses ever known Due to the breaches m the 
railwa> embankment between Ihitarim Road Station and Kcndmnada 
Road fatation railway traflic on tins nnm Calcutta Madras route Vs 
closed for about two moutlis Ihis flood m the I 1 

the highest on record but also the sw iftcst 1 1 e rise ,n L Snn ? 

about n foot per hour uhercas usually ,t .5 ^10 , 

No data about actual observation of the surface 

mctnl flood is available but it has been cstimaictl ^ 

at a,.ptoicluns If, fret per ,,ccou,l , e about 11 ,mlL‘^per'hou''r 

A tlinrou^h ainly sis of l)i,s rrcit Anrifl 1 1 
many more facts of cons, Icrvblc ^intcVest to^ believed 

an 1 it iH mulcr too I tint a mum ir on n i f ciiguiecrmg profession 

oftl.eC,Ie„„aU,.,u„uj u uV be ‘w 
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instructed to co operate with him m discussing the features of the left bank 
and their bearing on the bridge project ascertained from inquiries from the 
oldest villagers m 1913 that the highest flood level ^as reached (within liv 
ing memory) in 1864, i\hen it rained continuous!} for 13 days The banks 
were overtopped and there nas a moving sheet of water, a mile wide The 
spill took 5 dajs to subside and there was a fairly strong current 


Only four jears before the construction of the bridge, the river 
spilled across both the banks and again, during the heavy flood of 1920 
the flood rose rapidly to within 20 feet below the girder bridge but there 
was no erosion of the bed of the spillway T\hicli was just reached bj the 
fioodwater But the phenomenal flood of 1927 upset all previous records 
and calculations and one of the many structures that were badl} damaged 
is being discussed here 


The Phenomenal Flood of 1927 


There had been daily rainfall m the catchment during the prece- 
ding week and it started raining heavily on July, 28, 1927 and on July, 
28, 29 at Champua (on the other bank of the nver) 22 24 inches of 
torrential ram fell in 13 hours from 8 A 51 to 9 P 51 That there was 
intense and wdespread rainfall through out this and adjacent catchments 
will be clear from the rainfall records (Table A) of the ram gauge stations 
near about this area and it is estimated that the run off from this 
thoroughly saturated and fairly steep catchment was of the order of 80 per 
cent All the rivers m Smghbhum were m heavy floods and the flood m 
the Kharkhai put out of action the railway bridge near Jamshedpur whicli 
was also flooded m parts by the Subarnarekha 


The villagers living on the side of the hills m Keonjhar State found 
avast sheet of water coming down with great velocity, asightne\er 
seen by them before This vast sheet of water swept away every thing 
on its way, — cattle, houses, men all lands of wild animals, and even 
elephants into the river Baitarim In the plains of Orissa, miles below 
the bridge site, this phenomenal flood-flow was obstructed by the Bengal- 
Nagpur Railway embankment, the Orissa Trunk Road and the high- 
level canal embankments which were breached m innumerable places and 
suffered the heaviest losses ever known Due to the breaches m the 
raUway embankment between Baitanm Road Station and Xendnamd-5 
Road Station, railway traffic on this mam Calcutta 
closed for about too months This flood in^rBaitann^^ T 
the highest on record but also the swiftest The rS m “tL floo^l?^ 1°“'^ 
was about a foot per hour whereas usuallyTt is f to^ 

No data about actual observation of the surface 

menal flood is aaailable but it has been estimated h v this pheno 

as approaching 16 feet per second t e , about 11 mifes per S 


nnn> more facts of consulcnL interest ^to tl^^ believed, 

and it IS understood tint a memoir on tSs ^ ^"^‘"eermg professiou 
of the Calcutta Unncrsitj wUI be pSShsS shorUy^ Mahalanobis 
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The Design of the Spill-bndge reviewed 

The States I ngineer who worked out the designs for the mam and 
the spill bridge across the river Baitanm atjamtgarh had ba<=ed au his 
calculations on a flood discharge assuming 038 inch per hour run off from 
the catchment After having empirically fixed the size of the main bridge 
as two spans of 300 feet each and allowing for a discharge of 115 90° cuseca 
at a velocity of 10 66 feet per second he allowed for the balance of the 
supposed maximum flood discharge (at onlj 3/8 inch per hour) to be spilled 
whoU> along the right bank and calculated that 54 226 cusecs would be 
discharged through the spillbridge at a velocity of onlj 3 02 feet per 
second In the calculations the reduction of the water waj due to the 
piers and the effect of the afflux do not appear to have been taken into 
consideration 

The outstanding feature about the disposal of spill water in the 
design was that no waterway for the fairly heav> spill on the right bank 
(Plate 7) was provided for only a 3 feet diameter sluice being allowed 
under the heav y road embankment 34 feet high at this point on the 
State side approach In the report accompanying the original bridge 
project it IS stated - — 

“* 11 way 

e and 
erflo T 
with 
eit at 
orm a 


Before the design of the bridge was taken up the Public Works 
Department Dngmeer had discussed the question of the drainage of the 
spill water (the sectional area of the spill water at High Flood Level was 
1 with 

1 bank 

npor 

, , water 

to be discharged through the thirty arch openings of 30 feet each founded 
on kewal soil winch were not protected with any curtain walls or aprons 
to safeguard against probable flood scours 

There is an almost right angle bend m the river about half a mile 
upstream of the bridge site (Plate 8) and the low bank on the oonosite 

side allows the mam current of the flood water to smll 

bank towards the spill bridge which was tWfnr« 

brunt of any flood attack on account of its position 

happened was proved by the big breaches m^the nortWn^ actually 

embankment on the Chaibasa side or them approach road 


J pfcls crige '« .,lS‘of fwchef 


feet I e 


more than 10 per cent of the waterway^ 


I 015 feet out of 
accounted for 123 


I Ihpttcal artlies 
probably preferred to 


(dressed sandstone 
segmental arches 


masonry m hme mortar) were 
with tU"* idea of minimizing 
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horizontal thni^ts iml al'so on nrclntcctnnl considcrntions itul it «a« 

* ncnt picr^ Ind \ ccn onnttcd from the 

hn Irc If ^ or 4 nlnitmcnt j icri 
Irticlion would ln\e been \tr% much 
simi hfied and mifilit ln\ c les cue 1 oni'^idcnblN the cinnccs of subsequent 
collapse of more arches 


The pressure on the foun lation of the piers worked out to about 
14 tons per square foot (neglect ini; the cfTcct of h\c loads) which was 
about ej times the allowable pressure of -,5 tons for black cotton (Kewal) 
soil In discussing this bridge it has to be remembered of course that 
the nearest railhead when the br dgc was constructed was at Chakradhar 
pur 52 miles aw a\ and at the time of the reconstruction (ll acars later) 
the nearest railhead and post and telegraph office was at kendposi 17 
miles awaa and donbtlQ,s,s tins led to jncaitable dclaas and difliculties 
in the suppU of matexnls supeiaisioiij^ and timelj ms wee lions If an> 
responsible officer liad got timclj information about the flood he might 
ha\e rushed to the spot and allowed the flood water an easier outlet bj 
cutting the road emhankinent in adaance before tlie flood forced its wa> 
through it 


History of the Reconstruction 

Immediatel> after the flood theExecutiie Pngineer m his com 
prehensue report dated August 6 in">7 on the damages caused to 
the spill bridge emphaticall) expressed the opinion that the expenses of 
rebuilding the arches after dismantling the damaged ones carrjiog the 
foundation of the piers to rock and pro\ id ing curtain walls and stone 
pitched flooring would be unjustifiable as there was no guarantee tliat 
the bridge would stand another flood of the same intensitj He advocated 
the adoption of a low lev el road to directly connect the mam bridge 
with the road to Chaibasa abandoning the spill bridge and its high 
approacli embankment altogether A week later the Superintending 
Engineer after his personal inspection held that an expensive work 
costing over a lac of rupees (Rs i 34 266) could not be thus discarded 
and that further subsequent damages could be guarded against by 
inserting a row of steel sheet piles dri\ en down to rock lev el on both sides 
* “ heavj boulders and he 

final decision by the 
[Engineer collected all 

the necessary data concerning this flood and he calculated the total 
discharge b3 Rutters formula as 932147 cusecs of which 485341 
cusecs passed through the spill bridge the velocities in the 
mam stream and the spill way being calculated as 17 2 feet per second 
^d 883 feet per second and the afflux as 6 inches (the Sub 
Divisional Officer had reported this to be 2 feet) and he significantly 
added that these were tteoretical figures and would differ consider 
abl} from figures obtamed bj actual observations during the flood 
be pointed out here that these figures exceeded very consider 
ably those on which the original design had been based Tlie result 
of the three new bonngs also revealed the presence of brown and 
Dbick cotton soil and very small stone pebbles and sand at a depth 
of 35 feet {vide plate 6D) 
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Tour montlis htcr the Ciucf Engineer, nftcr an in‘'pection 
dcculed on December 12 1927 tint the cracked ardies (VoS J2 13 

14 and 15) ‘Should be rebuilt after supporting /our archer (two on each 
side of the cricked one^ on timber centering'* to tike up the unbiJancca 
thrust of the and i ringed irches lie cxpres<:ed the opimon tfiat more 
witerwa) for the spiH u 19 required lud tint catisewi> uhicli would 
flow about 3 feet deep 111 a \i mum should be introduced at the nortiicm end 
of the approach to the bridge He also ordered for Ii) mg iS inches of 
boulder packing on the floor and for putting m curtain walls not less than 

15 feet deep both upstream and downstream He expressed the opinion 
tint the ma\imum \ elocitj tlirough the arches must ha\ c been in the 
vicuiitj of 13 to 13 feet per second and the afflux to bo about iS inches 
(I ater on the C\ecuti\e rngmeor after obsernng floodmarks considered 
the afflux to bo about i 5 feet which itself would theorcticallj account for 
a velocit> of about 10 feet per second on the floor of the spill bridge) 
The Chief Pngmeer also decided that the piers of the damaged arches 
should be rebuilt taking down the foundation to 15 feet depth 

In the meantime the Engineer who had designed and constructed 
the bridge also came on inspection and expressed his opinion that the six 
mason^^ arches (Nos ii to l6) should be totallj dismantled including the 
pier supports and piers nos 10 and 16 should be com erted into abutments 
with foundations earned down sufficiently deep so as to be out of danger, 
and a clear girder span (about 175 feet long) introduced He contended that 
rebuilding the arches would Iea\e the bridge exposed to a future repetition 
of the disaster As an additional safeguard he suggested grading dowm 
the Chaibasa approach sufficient^ so that in the e\ent of another 
catastrophic flood the watei would overtop the bank and carrj it away 
He also remarked tliat if the approach embankment had been cut when 
the flood rose this simple precaution would have prevented the damage 
done to the bridge The Political Agent m forwarding the above sngges 
tions expressed hts entire agreement with tli” views stated and stressed 
the point that the State should have been consulted m the matter of 
reconstruction of the bridge and urged that the danger should be removed 
once for all by the adoption of the new single span girder proposal as the 
road was too important to admit of tinkering with a vital bridge He 
also added tliat tJie State should not be called upon to pay aa> part of 
the cost and that the whole cost of the reconstruction should be borne b> 
the Government 


The Chief Engineer approved of the idea of a breaching section 
in the bridge approach but he decided on reconstructmc the arises 
restoring t^ spill bridge Aftw personal discussions between the Suoer 
intending Engineer and the Chief Engineer who was not m favon? 
sandfillmg as the correct method of supportin'^ thr* 
advocated by the Executive Engineer a coiornfc which was 

Eebruary 9 igzS and for additional safety it was deeidS 5 ” 

buttresses against piers Nos 8 and 18 and to fdl with provide 

proposed to be dismantled Accordm'»ty arches 

filled up with sand enclosed between twoLamm^ ^7 were 

of the arch barrel (on Eebruary 15 ^ the two ends 

especially m No 12 were obserx^d <^racks m the arches 

ariffies Nos n and 16 were quicklv alarming extent 

timber centerings Jacked up^from^b^ow ^^ Work Previously prepared 

wors on the upstream and 
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do«n stream ciirtam wall foundations to nn avenge depth of 5 feet bcIo^^ 
the foundation le\ci of the arch piers and 10 feet nmj from it proceeded 
simultaneous! \ and the cNca\ations re\calctl the tlioroughlj rotten 
nature of the Kewal soil which was wholly unsuitable for beating such a 
liea\j structure 

Although the trenches Ind been dug so deep near the pier founda 
tions (April S 192S) the rubble stones for the curtain wall had not 
am\ed at site and an unexpected fall of hcavj rams which resulted in 
the Sides of the trenches to start falling in rc\ea led at once the real 
danger affecting the safetj of the entire sj illbndge Bj \ igorous efforts 
liowcaer the curtain walls were partnllj completed (at places the 
e\ca\atcd trenches had to be filled up again) the walls being brought ui» to 
about a foot al)o\ c the lea el of the pier foundations 


Simultancoush work on filling the arches ^sos I2 to 15 complett. 
1} \Mth earth jnior to dismantlement had been proceeded iMth and (bj 
April 27 19 6) the arclics h>os 13 and 12 were dismantled bj the 
contractor (leaMiig 5 feet on citlicr side of the piers) Two dajs later 
cracks began to d<.a clop quicklv m arches Ivos lo audit The timber 
centerings held up tile arch hi o ir for sometime Gradually the aertical 
posts nearest to arch No 12 settled the whole framework of the centering 
became distorted and after emitting ominous warnings of cracking timber 
the whole of arch No ii collapsed on April 29 1928 

On receipt of an urgent telegram the same daj the Superintending 
1 ngineer who was about to go on leaae motored don n from Ranchi 
♦1 « ~ T * a of the situation he found 

k into the ground thus 
thrust of arch No li on 
ause of the dismantling 
ot arch No 12 pushed the pier resulting in the cracking of the pier about 
4 feet from the springing horizontally and shearing of the arch between 
the cracks which crumpled up the timber centering inspite of its stout 
construction of sufficiently heavj sections He was convinced that such 
centerings not provide the inh support necessitated hy the enoTmovis 
Weight of the arch masonry and oarthfill He therefore ordered that 
arch No 15 should not be dismantled pending final decision b> his sue 
cessor on revised methods of reconstruction As he found arch No 9 
intact he ordered as a temporary expedient the complete filling in of 
span No 8 with the heavj boulders then a\ ailable m large quantities at 
site (brought for floor pitching) as he considered that arch No 9 might 
crack at any moment and it would be dangerous to allow coolies to work 
undent Before he went on leave he suggested to his officiating Chief 
Engineer the necessity for the immediate construction of buttresses in 
cement mortar against piers Nos 8 18 and 19 whicli bad been deferred 
so long 


The executive Engineer after his inspection on May 2 1928 

protested against the heavj boulder filling inside arch No 8 as serious 
j of the f ’ Mie disagreed with 

the decision on the s the foundations 

ecessaij for the 1 pier foundations 
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might precipitate the collapse of more arches Again lie urged that p 
money should not be thrown aua> after bid and as there «as no object 
by the respectu e autlionties to the holding tip of traffic for a daj or l 
once m about ten >ears when big floods occurred he carncstlj reques 
for abandoning the spillbridge and adopting his plans for a low Ic 
road Almost prophetical 1} he stated that c\cn if the whole amoiinl 
the rev ised reconstruction estimate of about Rs r lo ooo were spent 
rebuilding the arches with neccssar> safetj precautions the Public \tc 
Department would not be in a position to guarantee full secuntj fo 
structure which he considered certain to collapse and he sent a telegi 
to his Superintending rngmeer that further expenditure on the arc 
was sheer waste of money The Superintending Lngmecr instruc 
him by telegram to relieve the pressure over spans i6 17 and 15 
^ ^ i-ri ^ , 1 ShortI> aftifrwards { on 15 5 • 

pennteriding I ngineer jomtij inspec 
and issued orders for the immed 
construction in cement mortar (i 3) of one buttress on Champua sid< 
pier No I and one buttress on Chaibasa Side of pier Ivo l8 with st 
from the dismantled arches and piers This urgent work was comple 
(on June 15 192S) with the greatest care to tlie satisfaction of 

engineers All this time slow settlement of arch No 16 supported 
centenng continued and It suddenly collapsed A few da>s later ai 
a fall of heavy ram arch Nos 14 and 15 collapsed and two weeks P 
arch No 10 (uhich had been filled v^ith sand) also collapsed (It i 
at tins stage that an interesting fact was brought to light which 1 
not previously known to the engineers concerned iir that m the orlgi 
construction of the spillbridge all the arches had been erected on sc 
cenlenngs after four arches constructed on timber centerings had fai 
on accxiunt of the unequal settlement of the props) TJiereafter the a 
No 9 collapsed and the arch No 8 behind the new buttress crack 
When this happened further work on this >11 fated bridge was stopped ■ 
Julj 24 1928) and plans for a low level road were taken up a 

the work was completed without any trouble It is perhaps necessary 
add that this road has been admirably serving the traffic requirements 
this District and tlie State without a daj s break for the last 13 jears a 
the propheej of the then Executive Engineer has now been fully su 
tantnted 


Conclusion 

After having narrated the history of a bridge failure at 
riter feels tempted to thoroughly analyse and test the hnU,n^i 


the writer feels tempted to thoroughly anaKse and test 
Cham of events that led to it but is mstmctlveK wanSd n.t t " 
tooinuclion what might have beens While mvitinrr A to them 
IS the mam object of the writer on the variety m 
administrative and engineering raised in tine ^ 1 problems be 
to oltcr tuggesfon on tno vital pomtrwl"ch“P^“ "“"W •>'!! 

(1) thclt tlic design niidi constmctirtr* /if 

left severely alone to recognised ^ structures must 

cient experience m that mrttt' 1 have had sul 

d.=uIdb?a|lontd tto (niS S " 

their actions and bertj and responsibility i 

(2) that reconstruction which 

adScnlt than the o„?nari,.;?,„Ss ^70.^“ 
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decided upon ^ftc^ carcfullj con^tdcnnK the o!)«:ole«ccncc 
n<pcct of tlic *!tnicturc c\ cn though n huge ‘sum of iiione> 
might ha\e liecii incurred on it and if reconstruction is de 
cided upon after carcfull> thinking out the pros and cons 
of the proposed nictliod of work and its probable effects on 
the entire structure changes in the methods should not be 
allowed except under cxtreniel) unavoidable circumstances 

\\ jth our pre'^eiit da\ knowledge a subrnervible bridge with spill 
wajs on both the approaches would doubtless Iiavc been more cconoimcallv 
constructed to suit the requirements of the Bailarim at the site of this 
bndge but even 'o our contlicting ideas about plicnoineinl flood dis 
charges and flood V L loci tics intensities the duration and the freqiicnc> of 
intense ramfalls and the run offs from different shapes and sizes of 
catchment all point to the absolute necessitv for the prov ision of a fool 
proof and automatic arrangement in our costl) stnictures (on the aiialogj 
of tile fuseplug and safct> \ alv e in boilers and of the fuse and the auto 
matic cut-out in an electrical installation) v\hich would protect the mam 
structure from 
forces of ISiati 
had previouslj 

Structures in S ^ ■ 

again urge all engineers to consider seriouslv this aspect of ensuring the 
safet> of a costlj structure b> the sacrifice so to saj of a purposely 
designed weak link in the chain 

In conclusion while digressing on the subject of design of bridges 
it would perhaps bear repetition to adc 
although it may be conceded that c\ ery 
his own work v^hlch he probably can 

factor of safet> to co\ er the factors of ignorance his w ork may stand 
unless some important considerations have been inadvertently ignored 
It cannot be denied that it would be safer and more economical to entrust 
such work to the specialist engineer who has trained himself to see a 
mistake instinctively which an average engineer with laborious calculations 
wou d surelj miss When the specialist as a result of his experience 
and mastery over facts and figures can produce at once a suitable and 
more economic design than others we would be well advised to entrust 
our major bndge problems to specialists in the line who should be 
furnished with the necessary data The want of a representative body of 
specially trained engineers skilled m the art of bridge design who could 
work m a consultative capacity is keenly felt and it is hoped that the 
Indian Roads Congress will gne a lead m the right direction 

As the writer has purposely refrained from discussing m details 
the controversial aspect of the design and methods of reconstruction 
critically examined m the light of present day theories and experimental 
investigations particularly of the new applied Science of Soil Mechanics 
not jet generally known or fully understood he feels that he would be 
in appending a bibliography for the benefit of those readers who 
I'ould like to go deeper into the problems at issue and put forward their 
own Viewpoints 

•No XVI Page 33 Cntalogue No IRC 45 XVI 
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CORRESPONDENCE. 

Comments by Mr P. V. Chance (Central Provinces and Berar). 

Mr. Ghose’s paper raises questions of great interest to engineers. 

The Baitarini bridge is on a main road and its cost was shared 
between the Provincial Government and Kconjhar State, both of whom 
considered the expenditure justified. Even after the bridge was damaged 
in the flood of 1927, the Political Agent pressed for its thorough 
reconstruction as a vital Jink on a verj’ important road. 

Sir. Ghose states that the bridge should not have been constructed 
at all as it was not warranted by traffic requirements -but surely traffic is 
not the only consideration. The suitability of the site, the estimated 
cost of the bridge, and the traffic to be carried, are obviously important 
factors but they are not the only ones and the eventual decision is seldom 
based on purely engineering considerations. 

Mr. Ghose recommends that, when a bridge is damaged, its 
"obsolescence aspect" should be considered before it is repaired. But the 
obsolescence aspect again is a wide one and the engineer is primarily 
concerned only with the most effective repairs and their cost, leaving the 
larger question of whether the expenditure is desirable to the authorities 
who will finance it 

The design was based on the assumption, now known to be wrong, 
that the spill bridge would be founded on rock If the State Engineer’s 
report had been correct, this bridge would safely have passed through 
the phenomenal flood of 1927. Even as constructed, the bridge had 
passed through the "devastating" flood of 1920 without inj’ury, and the 
damage m 1927 was, perhaps, less than one thirtieth of the cost of the 
bridge. I confess, I would have been surprised had the Chief Engineer 
acquiesced on the proposal to abandon the whole work without making 
any attempt to repair the small amount of damage and to protect the 
bridge from further injur 

The Executive Engineer "collected all .the -necessary data concerning, 
this flood." He calculated the total discliarge as 9,32,147 cusecs and he 
added that the figure was theoretical and would differ considerably from 
actual observations during flood. I presume this means that he found it 
impossible to reconcile his calculations with his data and I am not 
surprised. A flood of 9,32,147 cusecs from a catchment area of 700 square 
miles corresponds to about 6,800 Mi and could hardly be correct even for 
a "River of Hell." 

“ . — - calculated that 4,85,341 cusecs 

velocity of 8.82 feet per second. 
^ ,, ge is Sgs feet and the depth of 

V allowing for a uniform scour of 7 . feet throughout the whole 
wngth, was not more than 15 feet, so that if 4,85,341 cusecs had passed, 
me average velocity would be 36 feet per second. The opinion, that the 
^iculated discharges would differ considerably from the actual observa- 
therefore, amply justified and indeed nobody seems to have 
latea the calculations very' seriously even at the time they were made, 
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The repairs 'xttcinptcd and their hihjrc arc the most intefe<tiDg 
technical feature of Mr Gho<c*s paper but unfortunatcl) the details gnea 
ate m«;iiflrictcnt 1 \crj engineer, \\ ho reads the paper a\iU ask hini«e 
What «ihoul(nj as e been done’ M hat precautions should be taken 
aahat austakes should be avoided ’ 

Arches 12 to 15 liad cracked and were to be dismantled and the 
Chief rngmeer ordered that arches 10 xi 16 and 17 should be 
on uooiien centerings to take up the unbalanced thrust ana tnat 
biitlres< 5 cs should be constructed against piers 8 to 18 Unforlanatelf 
these orders were changed and, though the Chief rngmeer was not m 
favour of sand filling as a support for the arches j ct such filling 
provided in arches 10 and J7 and onl> arches ii and iG ueresnppoitw 
on timber centering and the construction of the buttresses was deferred 
There can I thmk be fen engineers who mil not agree mth the Chief 
I ngiiieer as to the value of sand filling as a support for such arches 

No ndequate particulars of the centering and espcciall> of the 
footings have been given The centering held up arch ii for some time 
but the posts near arch 12 settled and the props supporting them sank 
in the ground The posts were jacked up but the timbers on nliicii the 
jacks rested must have had insufficient bearing and it is to tins detail 
that the whole failure of the repairs appears to be due If the wooden 
centerings had really taken the whole weight of the arches and jf thej 
had been used as origmall> ordered in arches 10 and 17 and if the 
buttresses bad been constructed at once the repairs would \er> probably 
have been successful It would be of great interest if Mr Ghose could 
supply full details of the centerings and how they were jacked up to take 
the weight of the arches 


As I have said the particulars given are inadequate but the genera 
orders of the Chief Engineer appear to have been suitable if only they 
been properly carried out Ihe tie mg together of piers 10 and ir 

Sandfillmg earth 


15 f 

mu 


bad 

and 


n ' Se^work"' 

Sana 01 luc les XU uua 17 which the Chief Hngm^r^^/ordfred 

supported with timber centerings ,,35 unfortunate ^ 

of the buttresses could have been improved bv effectiveness 

area of the foundations and sloping them khe bearing 

against the piers I am not sure whv an nnef throw the weight 

proposed and I doubt if it would ordmanh ^f/^'^"' 

there appears to be httlc room for crihasm ”f«ssarj Otherwise, 

depends ou how they were carried out orders but much 


to have collap' 
pier No ^ 


, are not 
subsequently 
constructed agaiast 


on failure are^afn oxl°iV°"SratuIated on a 
one „„ b, 


Papers 
the ease with 
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Comments by Mr K Gupta (Stnghbhum, Bihar) 

As I have had the opportututv of clo'cl} examining the remains 
of the erstwhile Baitanm «pill bridge nhidi lies vvithin Singhblium 
District, I am in a position to corroborate the statement made b> 
Mr Ghose that the spill bridge sliould not have been constructed 
at all' as the present low level road alongside the derelict bridge has 
been functioning all right without anv tnlhc hold ups since 1927 

Mr Ghose 's Paper rai'»cs the v e\cd question of correctlj estimating 
probable maximum flood discharges of Indian river> and it is well 
known that no «erioiis attempt Ins jet been made to collect and 
scientificallj analj«:e the results of observed uala outlie major rivers 
of India Statistics of niaxmium intensities of rainfall in different areas 
in India are also not readilv available and the Indian Roads Congress, 
as a central authoritative bodj 'hould be able to conduct valuable 
research on the above lines* 

In tins Paper the author has stronglj advocated the necessitj 
for the purpoceful provision of a safetj valv e ' arrangement m struc- 
tures of considerable magnitude, and the idea is certainly worth further 
investigations to evolve practical methods for providing for a * designed 
weak link in the chain’ as this will prevent the numerous wa*:h outs 
of bridges that are reported dunng the flood season every jear In 
the Singhblmm District on our District Board roads mostly causewajs 
are provided and they serve quite well except during torrential floods 
which usually subside within 3 to 4 hours In opening up new lines 
of communications, causewajs should naturally mark the first stage of 
development But the spill bridge at Baitarmi was really a high level 
bridge of unusual design not warranted by the topograpbj of the site 

It would have been interesting if Mr Ghose had furnished the 
details of \he bridge m the standardised form recommended by the 
Indian Roads Congress for recording particulars of major bridges Mr 
Ghose deserves to be congratulated as a painstaking historian for delving 
into the old records and obtaining all the details of the bridge failure 
thirteen years after the occurrence Ihe lucid presentation of the facts 
of the case, after such a long period, reflects great credit on the author 
and we are thankful to him for liis exhibition of the ‘ skeleton m the 
cup board without prejudice to any one 


Comments by Mr. A B Majumdar (Chalbasa, Bihar) 


I The author must be acclaimed as a pioneer in choosing a subject 
for which though the council expressed the opinion " that there is often 
great deal more to be learnt from failures than from successes ’ the contri- 
butors of articles have not till our present author brought to light any 
paper on such a subject 


I Euggestiou to dense a suitable fomula for calculatinp ^eak discharges 

tiTcrs ha-i been engaging the attention of the Indian Roads Congress for sonne 
Through the courtesy of t*- ^ — " rs 

in .1 o' India a note on the subject 

in me Barcau of Information of the . ’ 

^Wred by the lechmtal Sub coma 
impossible to devj«o a coram 

*)pca copies of the uscfil note are r _ I 

oy members 
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5 It jmist be admitted tint the author Ins \erj abl> got d 
facts m details nnd clc\cfh refrained from lUaking n«' 

the controv er^snl aspect of the deMgmnp nnd methods of re^nst 

I hope nnn> useful suggestions uiJl be made lU the coure 

this thought pro\ oking piper and ue the s omiger members of Uie L S . 

Mill be much bcnehticd b} tlie ficts nnd suggestions made 0} me ojuc. 

members from tbcir much lalucd experience 

3 I will houcier remark tint in giving n«:sunnce ' 

m italics) the States I nginecr never said nor memt tint the *‘piu 
foundations arc on rock He meant tlie ISorthern abutment of the E' 
Bridge I think borings m tins part uerc not at all tal^nor 
designers v\ ere mis informed nnd above all none of the then 

and even the Chief I nginecr lublicWorks Department did beheve tnai 
the spill will ever operate winch idea permitted carelessness 

4 Providing of openings on the right bank would not have much 
helped discharge of spill water Prom the map on plate S of tlie paper 
It appears tliat main llood water will surely go straight across the left bank 
Instead of giving an> opening in the right bank alow level causeway at 
theChavbasa approacli of the spill bridge to act as a safetj valve to the 
mam bridge with adequate stone pitching and provision of curtain walls 
to safeguard from scour seems to me a much better suggestion 

5 The records of the flood of i()^7 which the author took so much 
pains to jot down m this Paper will evidentlj be of much help to the 
future designers of bridges in the v icinitj 


Reply of Mr S K Ghose (Author) to the above comments 

It IS unfortunate tint the paper could not be discussed at an open 
se^:,ioa of the Congress so that the 'arious points involved in the 
reconstruction of the ill fated <pi II bridge could be further analj «:ed and 
compared with similir structures bmlt elsewhere b3 members from other 
parts of India The paper circulated bj post Jias evoked verV htUe 
respon<e m tlie form of written comments although the writer had 
intended that the des gn of spi l bridges across rivers draining small hillv 
catchments should be more fuUj discussed b> the members themselves ^ 

RepljingtoMr Chance s kmd comments it nm h^> ♦ i 

the failure of the spill bridge had been dealt with in thp rf 
Steel Ngirder bridge (a spaas of ^qo feetW a. certain a 

requirements This was not damaged m\n\ 1 ^ needed for traffic 
and is still functioning The n?am hndL ^92? 

constructed at the same tune and ^ bridge were 

tUakhs «vespinbndge(,“spaus of 

rupees and m the opinion of the wn?er Vh.^ another li lakhs of 
been omstructed at all Motor uSh/ wJi- spill bridge need not have 
liidia has not been stopped for a smoJe British 

Bndgc It'MlIbeintiLt.ngto note th\t Spill 

S feet below also there 

1 uninterrupted 7 high flood level) but 

nnm bridge with the embanked ^ JO^tiws the 

The characteristic of the i sp^Ubtvdgs 

IS that ,t rises verj rapidlj and 
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also subsides nith equal rapiditj It ma>, howe'er, be added that e\ea 
now the inten^tj of tranic on tins bridge is nrel> more than 2 carts and 
a truck per hour which pro' es that tnflTic has not jet full} de' eloped 
m the Keonj bar State (winch incidentallj posses'^es just o\er a hundred 
motor A chicles \ jz 50 cars 10 buses 40 lorries and 6 motoicjcles) It 
'vould be difficult to justif' an expenditure of roughlj ij lakhs over the 
reconstruction of the old spill bndge winch had originallj cost the same 
amount, particular!} when it was not possible to guarantee the «!afety of 
the structure against another SC' ere flood m 'lew of the inherent defects 
in the design of llie foundations 


Regarding the discharge calculations, in connection 'vith the design 
of the mam and spill bndge (prepared in 1914) the following data from 
the original records niaj pro' e to be interesting 


l/)calit} 

High 
Flood 
lev el 

Cross Sectional ^ 
Area m 
square feet 

Wetted pen 
meter m 
feet 

1 

Hjdraalic 

mean 

Depth 

At Bridge site 

84 44 

51 289 

5294 

96 

1 mile up stream 

8951 1 

85 390 1 

5 150 

16 6 

2 miles up stream j 

9341 

1 77 406 j 

5826 

1 133 


Mean Hydraulic Mean Depth «= 13 16 


Slope of surface “ 8 97 feet m 2 miles or S = 000S5 

I rom Kutter sformula V=Cv/ 

=67 6 X v/13 16 X 000^ 

= 7 15 feet per second 

Now the designer has taken the mean of the three sectional areas 
and multiplied it by the above velocity and arrived at 

D-71 362x715 

5 10,237 cusecs (I) 

According to Dickens Formula 

3 3 

D = CM^=iooo X 703^ = I 36,526 cusecs (II) 
Discharge on the basis of a 3/8" run off 

^ X 60^6 7 ^ 703 «= I 70 126 cusecs (III) 

The designer has discarded the discharge figure armed at from the 
gutter s formula as absurd, and accepted the discharge figure on the 
oasis of a 3/8'' run-off Then he calculated the discharge through the 
niam budge channel as 1,15 900 cusecs (10 872 square feet multiplied by 
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10 7 /eet \ clocitj calcuhttd b> Kuttcrj> formula) Deducting this from 
1701^6 ctisecs lit arrived at the bihiicc of 54 326 cti'sccs as tW spw 
discharge Dividing this t)> the sinll area of I7 9t>9 
deduced the vcfocitv in the spdl clnunel as 302 feet onl> 

It will bt noticed that the de^iigner has possiblv due to 
data md observations of the Dailarnii calculated the discharge ana 
the velocities as even le<s than those obtained m ordmarj floods la 
this river After the failure of the <piH bridge in 1927 theLxectime 
I ngincer worked out the total discharge bj Kutters formula as 
9 33 1^7 cusecs out of which he apportioned ^ 5^ 3^1 cusecs as pa'^sing 
through the spill bridge the velocities in the mam stream and spu 
w ij being worked out b^ Jnni as 172 feet and S 8 feet respectiveix 
Evident!) Kutters formula has been used without much importance 
being given to the cot flicicnt of rugoaitj and the calculated figures are 
not borne out b\ later flood observ ations The problem of calcolatifl't 
spill di*:charges requires furtber inv estigations by engineers m lodia * 

I rom a comparison of the above results and also bearing m mmd 
the record fall of ram of 22 24 inches m 13 hours on the 30th Jul) 192? 
Chanipua near the bridge site fwhich gives an average intensit) of about 
I 7 inches per hour) it will not be difficult to realize how grossly the dis 
charge and velocit) factors had been under estimated ta the original design 


On the question of centerings the enquiries made bv the writer from 
the contractor s agent and the ov erseer on the job rev ealed the fact that 
the centering timbers were not adequately or rigid/v counferbraced nnd 
the conceutrated pressure of the ' aeqtiaf 

settlement of the 3 leldmg 3r 

plates had been provided under from 

the props 


One point about the paper may perhaps be emphasized here Ui- 
that all the facts and figures contained therein irere collected thirteen 
years after the event mostly from old records and from mvestmations 
at Bite and from persons who were directly connected with the norf ^f 
s?aTdcScSr " -‘he paper the writer will beU gL to 


> * researches on the niL 

sjstematvc work Hearn 

and the importance of Flood Hy dro^rraniis have been done 

engineers « still not fully realized by some 

cffectiveK Juiportant road between Ranr-v, causeway over the 
ramv «5easnn fmHic continuousK ftsr Jamshedpur which 

Sgh lev el hr N ^ of Se the present 

noU,a\el een .t^' have cost?erfi^ A 

ment lo^ heavy co^muS and iralfic would 

_ level causeways are so - the catch 

• »-7fcfbou^oi7Tgo Ue ^ P<^sd i^ obstructions oo 
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important Imes of communications '^nd the trafTic hold up on the I ilajan 
causewa> and Sone cau'^eviaj on the Gnnd Trunk Road would not be 
tolerated m other countries eieti under peicctime conditions 

The writer belieies that if only engineers would take the trouble 
to anal>se the defects m the design and construction of all e'jisting bridges 
with the critical ejes of a research worker more useful work would be 
done than could be ichie\ed bj a soul less tabular statement on bridges 
in different parts of India However the compilation of a comprehensive 
statement on bridges in India is considered to be a step in the right 
direction and all should help 

A quotation from the records will perhaps serve to clear the doubt 
of Mr Majumdar about the designer s idea regarding the spill bridge 
foundations Mhen submitting the estimate for tl e project he gav e an 
assurance that rock was underljing the surface of the ground at no great 
distance and that the pier foundations for the spillwaj would be earned 
down to rock He reported nr 1914 that borings to prov e this were being 
taken but the results of these borings w ere nev er submitted to Gov eminent 
Mr Majumdar is nght when he thinks that the States Engineer took it 
for granted that the pier foundations would be founded on rock although 
in the actual execution of the w ork this was not attended to In Bridge 
Engineering no data should be taken for granted and it is a safe maxim 
for all bridge engineers to spend some money on borings so as to ensure 
that the bridge would be built on sure foundations instead of trjing to 
salvage a jerry built one when Nature has dealt it a knock out blow 
after finding out its weak spots sooner than we imagine 

The writer does not agree with the remark of Mr "Majumdar that 
the provision of additional waterway on the right bank would not have 
helped the di«charge of the flood water An examination ol the cross 
sections and a little calculation about the discharge figures would prove 
that the waterway provided was totallj inadequate to cope with a 
phenomenal flood of the unbelievable magnitude experienced in 1927 
It IS for this reason that the writer will continue to advocate the appli 
cation ol the principle ot safety valve construction m all our costly 
structures which should be designed to last only for a reasonable life of 
usefulness 10 view of the rapid changes m design and construction 
methods being evolved to fit in with the New Order m the field of 
Engineering as m other walks of Eife 




CORRCSPONDnsCB— B .^0 


I 4 S 


important lines of communications and the traffic hold up on the I ilajan 
causewa) and Sone cau^enaj on the Grand Trunk Road would not be 
tolerated in other countries e\en under peacetime conditions 

The unter behe\es that if onlj engineers would take the trouble 
to anabse the defects m the design and construction of all existing bridges 
with the critical ejes of a research worker more u’^eful work would be 
done than could be achieved bv a will lees tabular statement on bridges 
in different parts of India However the compilation of a comprehensive 
statement on bridges in India is considered to be a step m the right 
direction and all ehould help 

A quotation from the records will perhaps serve to clear the doubt 
of Mr Majumdar about the designer s idea regarding the spill bridge 
foundations \Mien submitting the estimate for the project he gave an 
assurance that rock was underlj ing the surface of the ground at no great 
distance and that the pier foundations for the spill waj would be carried 
down to rock He reported m 1914 that borings to prov e this were being 
taken but the results of these borings were never submitted to Government 
Mr Majumdar is right when he thinks that the States Engineer took it 
for granted that the pier foundations would be founded on rock although 
in the actual execution of the work this was not attended to In Bridge 
Engineering no data should be taken for granted and it is a safe maxim 
for all bridge engineers to spend some monej on borings w as to ensure 
that the bridge would be built on sure foundations instead of trjing to 
salvage a jerrj built one when Isature has dealt it a knock-out blow 
after finding out its weak spots sooner than we imagine 

The writer does not agree with the remark of Mr Majumdar that 
the provision of additional waterway on the right bank would not have 
helped the discharge of the flood water An examination of the cross 
sections and a little calculation about the discharge figures would prove 
that the waterway provided was totallj inadequate to cope with a 
phenomenal flood of the unbelievable magnitude experienced m 1927 
It IS for this reason that the writer will continue to advocate the appli 
cation of the principle of safety v alv e construction in all our costly 
structures which should be desijrned to last onl.v for a reasonable life of 
usefulness m view of the rapid changes m design and construction 
methods being evolved to fit in with the New Order in the field of 
Engineering as in other w alks of Life 
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TRANSITION CURVES TOR ROADS 
By 

W R ruuB^, ITSE, 

Cxecutne Engineer, Onssa 


rOREUORD 

Before proceeding with this paper the author wishes to acknow- 
ledge w ith % erA nnn\ thanks the encouragement and lielp given bj Mr 
W B AIcEauchin A AI I C E , late of Gammons Etd , Bonjba> Mis 
assistance in siinphfjing and coordinating the \anot5s formulae into a 
form suitable for reconstructing into graphs was imaluible 

The author also acknow ledges w ith man> tlianks the valuable 
assistance given b> Sn R N Padhi Student Engineer under him (the 
author) who performed most of the troublesome and tedious task of 
calculating and plotting values for theaanous Graphs Without his 
help this paper could never have been written 

Introduction 

This paper does not lay any claim to the discovery of any new 
principles But it does attempt to simplify and reduce to assimilable 
form the latest principles for the design of transition curves on the basis 
of a rational mathematical analysis which have been accepted and enforced 
m England Amenca and Australia These have been enumerated at 
great length m Professor E G Royal Dawson’s two books on the subject, 

’ Curve Design" and “Road Curves ” 

These books, however and also other existing cpeafications on the 
subject appear to have been written for engineers with a fairly advanced 
knowledge of mathematics fresh m their minds or for men who specialise 
only on roads The average assistant engineer or even executive engineer 
in India who has a varied assortment of accounts correspondence canal, 
and bmlding work to cope with m addition to his road work, would seldom 
have the time or inclination to studj these pnnaples or if he did would 
find It almost impossible to explain their working, as given m the accepted 
books to the average overseer, without whose assistance in the field, 
no appreciable number of transition curves could be laid out It was this 
of cv olvmg an eas> practical method of laying out transitions 
which the average overseer could grasp whtdi the author has 
attempted to solve in this paper 

*rhe method adopted has been to reduce the numerous and coraph 
cated formulae on the subject to a few easily read graphs, thus leaving the 
overseer or engineer with practicall} nothing to calculate and very litUe 
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Torew ord 

Before proceeding with tins paper the author wishes to acknowr 
ledge w ith ^ er^ tnan\ thanks the encouragement and help given bj Mr 
W B AIcLauchin A M I C T late of Gammons I td Bombaj His 
a«<;istance in simplif5ing and coordinating the variods formulae into a 
form suitable for reconstructing into graphs was invaluable 

The author also acknowledges with many thanks the valuable 
assistance given bj Sn R N Padhi Student Engin“er under him (the 
author) who performed most of the troublesome and tedious task of 
calculating and plotting values for the various Graphs Without his 
help this paper could never have been written 

Introduction 

This paper does not lay any claim to the discovery of any new 
principles But it does attempt to simplify and reduce to assimilable 
form the latest principles for the design of transition curves on the basis 
of a rational mathematical analysis which have been accepted and enforced 
in England Amenca and Australia These have been enumerated at 
great length m Professor F G Royal Dawson s two books on the subject 
Curve Design and Road Curves 

These books however and also other existing ’=peafications on the 
subject appear to have been written for engineers with a fairly advanced 
knowledge of mathematics fresh in their mmds or for men who specialise 
only on roads The average assistant engineer or even executive engineer 
m India who has a varied assortment of accounts correspondence canal 
and building work to cope with in addition to his road work would seldom 
have the time or mclmation to study these principles or if he did would 
find it almost impossible to explain their working as given m the accepted 
books to the average overseer without whose assistance in the field 
no appreciable number of transition curves could be laid out It was this 

of evolving an easj practical method of laying out transitions 
“ I ® average overseer could grasp which the author has 
attempted to solve m this paper 

The method R'le Koo-m f/\ rail ^ _ i 

cated formulae on t 
overseer or engmee 
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room to nnke tnist'ikcs As n check on Ins uork he nouhl ha%e to U'e 
oiilj the simple fornnila (^•o 13) for npc\ distance nuohing oiih the 
use of ordiinrj secant tables 


fhe method of h> mg out transition cun cs nd\ocated In Professor 
Ro}al Dauson and other authorities unoUcs in all cases besides the 
use of complicated tables and formulae the use of a tlieodolilc This is 
essential because b> the use of de/lcction angles the prehniunn calcti 
lations for the curv cs arc shghtlj simplified pro\ided the formulae and 
methods are propcrlj grasped \s the average Public Works Depart 
nient Sub duisiou in India has orilj about one theodolite for the use of 

three or four road overseers this alone precludes their methods from the 

sphere of common place engineering ^liese methods have therefore 
not been considered at all m this paper Instead of this theverj much 
more coiuphcatcd formulae required bj tlie offset method of lajing out 
spiral transition curv es which Profeseor Roj al Dauson abandons because 
tliej are so cumbersome have been graphed and arc thus made perfeeth 
simple 

Bj using these graphs the onij instruments required m the field 
after measuring the deflection angle between the two tangents with a 
sextant or prismatic compass are a chain and tape 


GrvERAi, 

Transition curv es of more or less arbitrarv design ln\ e been in 
use for a long time in the layout of Railway tracks but it is only m 
recent years that their use lias been extended to roads or that the 
principles of their design have been analy sed from n rational and niathe 
mattcal standpoint A transition curve in a road is briefly a curve so 
shaped as to follow the natural path of a fast mov mg vehicle as it leaves 
the straight and commences to mov c in a segment of a circle With tlie 
old horse drawn vehicle the speed was so slow that it could switch off 
almost directly from the straight line to the curve — often of small radius 
With modern fast motor traffic with speeds increasing every day and 
often higher tl an on railways this is impossible \ gradual chance in 
direction — how gradual^ is determined by tlie skill and speed at which the 

nev itable As 
leted for horse 
direction from 

fast trafhc must deviate from the centre Jme their *onn 
make their own transition Examples of such traffic lane to 

in detail further on The only alternative explained 

turn almost directly from the straiclit to driver to 

down to a speed considerably below tLmtMrS slow 

^ery^ew if any drivers do this Con^ speed for that curve 

circular arc can be described as a good 3 o as a 

obv lous that such dev ntions of v elucks^L!? S® «sing it It is 

order to take a comer are dangerous aSw 
day as the number of fast motor vehicles on dangerous every 

proved m practice by subsequently racreases Ithasbeen 

irrence th^l■ « had corner where 

comer was 

fast motor Praperly transitioned 

uuiy ol nerj by correct dSra '.""'if"'? «P'al> >*» 

rrect design to attempt to lessen the 
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proportion of nccidcnts on Ins roads fins gtncnl introduction to the 
subject of transition cur\es ma> ajijiear unnecessanh long but it is 
inserted m the hope that it iiia\ make at least tliosc engineers more 
transition minded uho while admitting the jinncijdc m theory, are 
content to assume tliat witli the cNccjition perliaps of extreme cases 
there IS ample margin in the width of the ordmarj road to cover the 
discrepanc) between the road nhgmiient and the actual track of the 
vehicle so thatthev see no need for improvement 

It IS also hoped that the \er> simplified methods detailed below 
w ill make others transition minded who have been, as I was frightened 
off the correct method of dealing with the problem b> the complicated 
formulae and methods adv ocated m recent engineering periodicals and 
text books on the subject It requires onij half an hour s studj of the 
graphs and summary of procedure attached to enable any overseer to 
understand the method of working out the required data and once this 
IS done it becomes as easj to lay out a transition curve as a circular arc 


r t M 11 VI I HIM nils 

When an object such as a motor car is constrained to move in a 
curve it has an acceleration towards the centre of ^ 


To impart an acceleration to any body force must be used The 

Wf 

amount of the force P= where P is the force 

S 

n the mass of the body in pounds 
/= acceleration in feet per second 

In the case of a car moving round a curve, the force 
If 

pulling It towards the centre IS therefore P= n — 

This force is, m practice supplied by means of the front steering 
'i^hee ' ng force 

of th ng force 

of th towards 

the els have 

on the road 


If the car wheels have not sufficient grip on the road this force 
"ill not be strong enough to cause the required to pull it round in a 

curve and the car will skid or shoot off m a straight line tangential to 
the curve at the point where the skid occurs 


As this grip on the road or force is caused by the friction, it 
lollops that the faction between the car wlieels and the road must be 
equal to or more than the centrifugal force 

The force of faction between any two objects is given by the 
fonnula P B IV 



i8 
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whore D is Hie coe/ficicnt of friction between the two objects ind H - the 
weight of the object rcsoh ed right ingles to the plane of contact 

The coefficient of friction between rubber t>rcd vehicles and the 
average road surface nnj be taken as ^ 


r 


The force of friction on a non super ele\ ated road then becomes 


Tins must be equal to or more than the centrifugal force 






^■=32 approximately 
V IS in feet per second 

This resolves itself on simplidcation to 
miles per hour 


where 

and 


i4 i 


Or a general simple formula taking 14 97 = 15 

V^<i5BJi=i5XiR 
f ^<3 75R 


(I) 

(l)A 


This fixes (he relation bet wee i the permissible speed and the radius 
of a curve {or vice versaj on a non super elevated curve The amount of 
friction called into use automatically adjusts itself to the speed becoming 
greater as the force becomes greater till the \eloc1t3 V reaches the 
limit when, the centrifugal force exceeds friction and a skid results 


Super elevation is usually provided on a curve to introduce a 
factor of safety against shdmg or skidding It could theoreticaUv be 
provided to eliminate the ncKSsity of friction entirely but as the centn 


/w velocity it would be 


necessary for all vehicles then to move round the curve at the stied W 
which that curve was designed Owing to the different t.L-f p ^ 
varying from bullock carts to fast movmg cars ihn S**"*^'' 

be impossible ^ obriously 


It can be shown that the 

^ which be of a road 

'^ssennai u there were no friction 

where 



IS given by the formula tan 


homontal fall of the road with the 


not pwpo^d to g^o^m^to th*^ A® 

formula^ ^ derivation of ti 


therefor^^°sdd^^^v^^®^^ super elevation 
seldom be given The most 1 
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can be attempted to pro\ ulc i super ejet itmn ba«cd on 

practscal con^jder'ition ulueb teiul to reduce the ntnoiint of 

fnetton brought into pla\ nnd thxn pro\ide n factor of safety against 
thebmttmg speeds calctilated from the fnclion formula (i) abo\e 

The super eke ation allovaed in the current Circle spccificatiotts m 
Orissa 13 quite suitable fj-o«i a practical pomt of \ ic« a«d is reproducetl 
below 


nij's's*. » n ( n 1 vnn loi ".lui M i a \tion 



( i 

\ Super eleva- 
tion to be 


Increase 


Radius 

\ adopted 

Cro‘:s 

m Viidtli for 


m 

* (percentage 

Slope 

road width 

Remarks 

feet 

of ujdtlj)= 


of q 



100 « 


feet •• w 1 



1 This uorksout theo- 
retically correct for 
speeds gaen below 
assunimg no faction 
I Tilts js not to be taken 
I t«/o account for 
des tgn 


30 i 

166 j 

I 6 i 

45 

8 65 m p h 

50 

125 

j 8 t 

45 

97 

IQO 

135 

1 8 

45 

136 

150 

10 4 

196 

43 

153 

200 

10 4 

196 

4 I 

177 

300 

94 

I II 6 

37 

203 

400 

94 

I 11 6 j 

33 

237 

500 

84 


29 

251 

600 

84 

I IS 

^5 

274 

700 

62 

I 16 

^7 

258 

Eoo 

6*a 

I 16 

17 

273 


4*2 

I 24 

X 3 

237 

1000 

42 

I 24 

^9 

25 








tn imlc-i per Hour 

TUk i^vckritt 1 1 j hUi ^ oi^M IcT \l Ic f^'Cv ul kH l< 
l>\ im t»< of frictJO 1 t?je n? rrN of a i U in I thf mOi *• 

lo the Mtper ciftn;;e 


If this force IS ipplicnl su I letih i c if t’jc l\j I \ i lems o* 
cxccchni^K twrn «f tlie <lcer«ii, uhccl innts ihrcctU frmi e 

ctnii^ht I Uh on to tlic tur\i it ^.^n Iw pt nvcl 1 1 ilin irnic< tint no*nc" 
titiK a f >rce c pnt to double thn f ircc nets on tin. CJr 


In tUo ci'c of icmplnic^ i\hn.h bint^ f r turn it i ten niLcb 
higlicr *^1 ei%l often leitlnni; ^tK» lutks jnr b nir this f ->fce hi< i more 
espccnl si^ttiucttice I or nl Mich n his;h •“j>oevl the fortx known trt 

ten mntmt euvWs IS (, \>cco nrs s s l \r^c tint a. pd t emnot st-vm! it 

iiul bcooints imcMnsvims till the turn is coinj Ictcst The minimum 
luiomtt of (, nhivh n nnn <rui <timl oitJnnt MicUu" out l;, iliout b 
time's the force of ]Rr\\it% in I the ri litis of tnrnirii: of hicjh spccil acrt>* 
j lines his to be restncud t>o tint this Mill not be exceeded 


\ tnmitiou enne on u roiii is therifori mlnxluced 
tn) in oulcr to iiummise this fori.>L 

fb) m oract to ftni the dm-er time to tuni his steenne 
nntiid to idjnst it to the <111510 of the cim e and 


wheel 


(c) to i\otd discomfort to 
wout I othvtni V sittidenli he shat 
derible nccelerition 


ivissaiprs due to the fret tint tfei 
toveitdi the centre it 1 fiiil\ const 


>m nolCTibk or •« lu t iv not <mcoi£S ' " 

tl,'uTke°r^sr-r t""-’*' "■ 

tnnMp corre tt,e nteo. of 

T 


to 


But /==- 


H m feet j>er second) 


A ' ss t-s* ssvonui 

R'-tr of d.Mgc of ccirtrrfufri ,c«knt.on 


K'r 
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the time T tikcn for 1 \ elude to tra\ erse 1 transition of 
length L is gi\en the equation T 

Hence C ^ 

R r ‘ 

- (where t is in feet per «!econd) 


or reducing t to miles per hour 
r- 3155 ^ ^ 
RL 


(2) 


This must not be greater than the permissible rate of change of 
acceleration which will pa«s 1111 noticed 

The American pr ‘ 2 feet per 

second per second per sect per second 

per second per second T because it 

IS sufficientlj safe and gives transitions half the length which would be 
permissible if I nglish practice were followed thus allowing a greater 
latitude when dealing with S bends which are often essential for 
economic reasons 

The Australian practice (Victoria Country Roads Board) is to allow 
a 6gure of 2 feet per second per second per second for C up to 50 miles per 
hour and a figure of for l 536 per second per second per second for speeds 
above 50 miles per hour 

This is very sound m theory as it is obvious that m high speeds 
a motorist is not able to turn as fast as in low speeds but it introduces 
much complication into the calculations for transition curves which for 
theaveragep W D staff are already complicated enough And as speeds 
of above 50 miles per hour are seldom likely to occur m practice in India 
to the necessity for caution when negotiating bullock carts and 
pedestrians with an incufficientlj developed road sense it is proposed to 
keep to a fixed value of C 2 for all speeds 

It has been observed that the maximum which skilled racing 
niotorists by a sudden turn of the steering wheel can attain is a rate of 
change of acceleration of 3 feet per second per second per second but 
obviously this is too high a figure to allow for C for the design of roads 
•neant for the average driver ‘ 

This brings us to the second reason why transition curves are 
introduced — to give the driver time to swing his steering wheel round from 
ttat required for a straight path to that required for a curv e of radius R 
It IS obvious that however quick and expert he may he it mu';! take some 
>^easure of time for him to swing his wheel round During this time the 
radius at which the car is moving gradually lessens from infinity (the 
1 of a straight line) to R the radius of the curve Any moving 
' enide 'MUST therefore follow a transition curv e A transition is a curv e 
wh Sraduallj decreasing radius which is designed to follow the path 
mch a car is automatically made to take by a gradual turning of the 
steering wheel 



^0 inilr^ j)cr Ijour TJir m-'otj n tint nlJ cif' r ntc thfir o^tr: tn»n* 

l»\ Icujn/ tl;c centre of tJ cir mr/nrc "T' ailtinj; n or o'ler^i'^ 
nnnoiucnnf it ajrxci n** l>c! »w 

Tiic for cxin:ji1e n qiiilt tiMnl ennenf feet nflnJ' * T* 
(leerre deflection if?f Ir ir d cf <! Jer tli'* f*rJ iii nif of rnotofi«t< «hi 
It Tlic'-c nn\ Ik* roijf’hl^ dj\ j led into tJiree proujf^ 



(l) Motonsts who for Mnoiis rci'ons rnaj not be awire of the 
cune till tlie\ lin\ e cntdrcd it T/ic natuni trend of sucli \ chicles is shown 
IS 0,\,in figure 2 The tendenej to dn erge to the left would, if not 
corrected 1>> n sudden pulling to the right and a sharp application of 
brakes iinoiint to iliout zo feet it tlie centre of the cune This would of 
course be disastrous on one of our ordinarj trunk roads 


(2) Motorists who see tlie cur^ e in id; nice and endeicour to idaut 

themsehes to it as closelj as possible In this case tlie natural transition 
begins at ind bj meins of 1 slight 5 hend gets about 1 or j to 
the left of the centre h,.e -.nd ti.en ents .Mo thelnne M ni 
involves a slight slackening of speed usuaiij 

(3) Motorists who notice the curve in irb i 

see whether there js room on the berm to cut tti!. m 

a proper transition with the necessan and thus make 

hne O, A'3 In this - necessary amount of sliif^ m the 

of the road about centre 

and would trav el an he curve 

centre line while on i ^ of the 

necessity for an™ mB^LtnoOTcnng^ “I*™" 

waj especially where tmfHc is hef^^r centre of Uie carnage 

another vehicle manouvenng m thlTlL V‘® motonst is hkel> to meet 
nngm the same way from the opposite direction 

derivation or formulae >r u. 

transition curve, combme equations required length of a 

q«ations (I) and (2) on pages 4 and 7 resplctnelf 
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From (i) 15 B li 

1/2 „ 3/2 3 2 

pi =- 15 B y B 

Sub«titutc for r* m equation (2) 

}/2 3 2 1/2 

^ 15 X B X B 

C = 3I55 Tf-i 


L = 1825 




Substituting the values of the constants B “ J and C = 2 in this 
equation 


Z, = II 5^/? = length of transition 


(3) 


From equation (i) it is seen that the permissible velocity increases 
as R increases, and equation (3) allows for an incfta'=e in length of the 
transition to correspond with the increased radius and velocity We 
would thus get verj long transitions increasing up to infinity for curves 
of large radius if the safe speed vere increa'^ed indefinite!} This is 
clearl} quite unnecessar}' A limiting speed may, therefore, be fixed for 
a particular road and an} curves with a radius larger than the safe radius 
for that speed will be safe up to that speed 

Having decided on this speed, the radius for which can be calcu- 
lated from equation (i), = 15 B /? = 15 X J i?, the lengths of 

transition may be calculated direct irom equation (2) 

A Graph has been drawn out accordingly for the lengths of 
transitions, assuming a maximum speed of 60 miles per hour (See 
Graph No i ) 


In this graph the limiting radius for a maximum speed of 60 miles 
per hour is given by substituting in equation (i) 
fio- = 15 X J B 
B = 960 feet 

From 960 feet radius onwards the length of transition is calculated 
from equation (2), V being constant and equal to 60 


3 15 5 X_ 6 o* 
RL 

3 155 X fipi , 


340^ 

B 


( 4 ) 


TK "rhus after 960 feet radius, L gets shorter as the radius int 
ims can be seen dearly from the graph 



I*Arr« C— 4^ 


2S 

Prom forinuh Xo iio) - \,-r 
” bfih 

^ »-• I *r ftotn form tih.... ..(*o) 

’ <»/w, uN 

Mnulttl\ ( 2 )M' « -o^vsr 

,'> - ( V =5 'o 2;V 

}, - (4)>>' 

y, *= ( 5)» y - I 

{oy y ^ iloy 
y, *= ( 7)1 V = -i-JsV 
y, « (S)i V - •512V 

« (9)* V ~ 7295 ’ 

> 0 ” (to)i V. 

Tlic fiml A* and I lie final V can be read off graph No 1 an' 
Ihc uitcfnicdnt.c chord |>omls jdotted according to the above table taUni 
care in tfic ca’«e of cun cs of radius smaller tinn joo feet tint the chord 

of length ^ , are measured along tiic cunc and not along the ^ 

ordinate or tangent, and that the offsets ^ ,V| etc , are measured a 
right angles to the A' ordjmte, sec figure ii 

OTHER FORMULAE The folloumg formulae are also nccessarj* tc 
enable transition and circular cun es to be laid out 

Tangent Distance : — 

Tangent distance (see figure g)*= AO=^AC+OC 
AC^iR+S) tan^ 

0C=0H-J9C=A'-./>^=A’-A’ sm 
T=zAO = (/e+i) tan ^ +A'— /fsm t;» 

^ formula ( 5 ) 

'!0-(R+S)ta„| + .v_i; s.n(^) 

(■^ ) •’'■“S la radians 

This formula mar also be resolved into the following form 
r=(R+S) tan 

2 2 240 
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In this fonnula — . is negligible above 300 feet radius. Hence 
240 /?* 

for radii above 300 feet r=r(/?+ 5 ) tan ~ ( 12 ) li 


These formulae have been worked out and plotted for various 
intersection angles and radii in GRAPH No. 2. 


For small tangent angles i,e. where i? is greater than 300 feet 
Sin4>=<I> verj' approximately 


i.e. Sin 


\ 2R 


)- 


L 


- X-Rx 


L 

2R 


2 2 

i. e. the transition length lies half, on the straight and half along the 
circular curve as it would have existed before fitting in transitions. 


This is a very useful point to remember, especially when filling in 
transitions on curves in existing roads 


Apex Distance : — =A= AX (see figure g.) 

=^AM-X^M^ (R+S) sec (13) 

Shift (S) =XXi (see fig. 9) 

> =CD-DE=CD‘- (M E~DM) 

- CD -(R-R cos 4 >) 

=BZ-'R(i— cos 4>) 

= Y ~R(i— cos (J*) (14) 

being in radians and equal shift can be calculated accordingly. 


This may also be reduced to the form 
^“*^4^ ^588RS' 

These are accurate formulae for shift and have been plotted in 
graph No. (X). 

An approximate formula which is suffidently accurate for curves 
ot over 300 feet radius is worked out below ; — 

Shift ^XX^^CD — DE 



I'Mjt 


>t) 


1 p V t f'lric Or 1 1 


f di nlc r f h iK c’ 1 


in 

zl 

!>/ 


/)/ ( 

\ 


/>/ 

< . / 

verv !{ ^ rotiii altls 

2l 

/ 


CJ> 

i 

Ohl 

frt 

1 fo'rmih ( 10 ) 

1 

t 

/ 

_ 1 

“ Oh 

h/i 

. } A 

J 


Circular Arc— 

= Dntince // mcisurcd nlons tlir cime 
(A -2- I 

nhcrt A anti art loth cxprc<cc<I in ri lnn«: 

(J, IS Lnoun from f nmih fSl 

y fro n equation fs* 

I \pa‘=em an 1 ^ m dt^rcc^ this fnrrmib »orJ.s out t > 

/\/ -/ 

‘ 1^0 

ii being tlie intersection ai gle D tO in degrees 


(la 


(tO) 


This brings us to a icra important point in the design of curves 


This expression mas be equal to zero in uhich case tlie t«o 
transitions 07 and meet m centre \ hawng a radius at tliat 

point but the\ must not become a negatu e quantitv which would mean 
that the two transitions would overlap in the centre and there vvouldbe a 
sharp angle at point \ instead of a smooth curx e as sketched below 



ri- C 
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Putting It niatliematicall> jt follows from equation (14) /I tint / 
“/W® 

must not be greater than (i6) A 

If wc take It that the length of transition on each side of point 
C IS equal to ^ then tlie total lengtli of tran-^ition cune inside the prcMous 

circular arc = 2 x ~~L 

And tlie length of circular arc before transitionar> bemg^^- it is 
self e\ident from figure (9) that / must not be greater than 

The aalue of the expression depends on two factors d and R 

d IS fixed for an> particular curve It follows therefore that if the expres 

Sion IS less than L the onh wa> to make it bigger is to increase the 
180 

Tadms R T'/m MUST be done tf correct transthon curves are to be provided 

If It IS desired to use the various formulae given above for design 
ing transition curv es it is important that these tw o expressions L and 

be worked out and compared in everj case But if the graphs 

attached to this paper are used it will be self evident from graph No 2 
that the Radius chosen is impossible because the graphs showing tangent 
distances are non existant for such impossible cases The graph also 
enables the lowest radius which will allow correct transitions which meet 
at the centre without having any intermediate-circular arc to be chosen at 
a glance Such transitions will be found along line PQU in Graph 
No 2 


The formulae for apex distance shift and length of circular arc 
are not strictly necessary for la> mg out a transition curv e on a new road 
as the transitic ” 
thus fixing the ^ 

laid out m the / 

worked out on 

tance shift and length of circular curve are thus found automatically 
without calculating 

But having laid them out on the field it is an extremelj useful 
and in fact an essential check on jork to check up the actual lengths of 
•d and Z and 2 ', , as found in the field with the calculated or grawh 
values 


The formula or graph for th.' apex distance is also very useful 
during a preliminarj reconnaissance to find out approximate!} where the 
«ntie of the curve will come in the field with a view to avoiding ven 
low land rock out crops buildings or other obstructions 



TIic fnrjiiirhr f<ir ^!l ft mu \ ajKX th'tvicr ire il'o J 
ti'cftJl for liMfi}* out nii*I chnrkni;' up it 'Me tUiell cf projxf Inrul^" 
II fcnsifjfc i» nn circulir cun c on an o* I roicl unicfi it n ‘in 'e 

to tmpin\c 

T/ic j’lUfltni; fictor uJirn irMtip to introftKc a tnU'Mwn into a 
txi-tiuK tiftuhr tune on a nud n wlicthcr the 
Initial tlic c I^<* of the ft)ul h/'\ond tlie lUMtle of the eutlicn U" 
or mlo n l>uil(!uii; or nilicr oI)^tructjon Tfie priph for 'fnft 'Ijo'< ij 
the shift n pnctmlh const tut at 5^5 fiit ui»to r/)') feet n<hu' 3 " 

ifccriT^ts (’ndtnlh thcrtiftcr It n quite eis\ to rcnicnil»er thn 

appraxinntch *> ftet for flnft aid decide at a t,litice at site \*Iictncr 
traii'-itinn cm lie con\cnicnth tfTettcil 

Ln>out of Circular Cun e An n due for tntrrxluo' 

elcmtnt'irj foruuilat fc»r citcuHr curses into llui paj>er, luit as the pip 
is iVfitlcn as tijnch for os erseers unin of ulioni nns he quite fie»s tom. 
uort. ns for engineers the iiictlirxl of lisout n deserdn-d *0 tint tl 
whole procedure from licjjmnjn;: to ciul ims !«. o' fool proof as possible 


The method recotiinieridcd is that hnonn ns the sersme ruelhod 
this IS the least Inhle to imsnf,es 


X 





Cl 

fip 7 


It IS desired to fill in a c. 
cnlnr cunc of ndms A' hetwe 
points / and /, ff 7) 

Join ^ /, 

f et and A’j be tlie centi 
points of the chord and arc re; 
pectu clj 


B, A , IS hnoun as the \ ersin 
or middle ordimtc_ of the segmen 
of the circle, ^A, and is gene 
rally known as > 


By Geometry 






ZZ,^ 


AJ= 


chord* 


(t?} 
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\ should be calculated from this formula when the angle Z1/Z, js fairh 
large But as this is \en «eldom the case the following approximate 
formula is usualK u«ed 

\Uien angle ZM/ (a -24) is small (sa) less than 45®) A »s \erj 
small and A ma> therefore be neglected The equation becomes 
jy diord* 


^ ^ approxiraateh (18) 

For this formula (A 2 ji) must not be greater than 45 degrees Expres 
sing this in degrees ^ d° ~~ ^ ^ x — - must not be greater than 45° 

The point ha\ing been found and plotted m the field as 
described abo\e intermediate points and Aj can be similarlj plotted 
\ Z 

/orsimdarh (see figures 7 and 12) 

on 

The process raa} be repeated as often as desired to obtain points 
on the cur\e whicli are close enough Usuallj points A, Aj A, etc 
25 feet apart are quite accurate enough 

This \ersme method is a coa\ement and almost uniaersally 
adopted method of ascertaining the radius of au old existing curve as 
the points Z,AjZj and B, are apparently easilj located from the centre 
hue of the existing road 

But in practice it is found that ver> manj^ overseers or surve>ors 
and many Subduisional Officers make a. mistake in that they almost 
mvanablj until taught take points Z and Z, along the centre line of the 
straight tangents instead of on the curv e portion 

On calculating from this wrong data the radius obtained is neces 
sanly larger than that which actually exists This is shown m the 
sketch below — 



Fip 8 
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r<pi n C— 


Ti^l^ 'j cuh !•* < f c<i{itn iW T^tt { ! «t »t i-' ’•'•'f c\ '*'»* J ^ 
if the chJMl in tilri It /y i! » the tr^tcil fi a 

/ 'irul /, tht r i Ini'* • > nitnhft I ujII l>o ijujch lifj r thin it '*ctt 

It of coiir irnjKi ^jI Ir t> fix tie cxict |»omti i* I cif t’’* 

t utKtnt t< tJclus Dll circle M cm it Dr <it< It in D '•rc^o c 

best \n liV e the j»i)inlN / / «cll irinj tlic cin.nl ir •'re t» no I a ru<ti 
in the opjH) itc (hiccti mi 

To lx. on Die ^ifc ‘•jile it m i1<o orll to in<nl on ill 
or biifitiofs «lio arc ilcptitril to cnJIccl fell dita on ctun."i to * 
their c iKuhti ns f if ruliiii nh ii/ nitfi « scilc <Jir erniomi drai'n’s ^ 
the circuhr me shoMnjj clionl nnd \ tr me liiT^lhs is ncll i< the cJciiatw^ 
in|,lc A \n> iitistihts III field oh cr\ itions suU l>econie nj jarent 
tthen an attempt is iimle to dra« tlic aint to «calc 

rhc«c iifccautions though tlcrnenlan, are o cnttil to crihfe a 
correct dtsifjn for lran‘‘tlJons to Ik: uoihid out as it is the initial 
show lOR the radius and deflection angle of the existing ciir\c on ulnci 
all furtlnr calculations hast to he l»as«l It is surprising what ahsiir 
results can be pnxhiccd b> tiKXi>trKnc«I Ocorsecrs if not canfuin 
instructed niul watched 

i, CDR\rS 

5 curses are inerth a coinbnntion of two circular curies see 
figure to and present no real clifTicuUs Ibit care has to he tahen when 
designing them tliat the ennes do not overlap in the nnddfc 



Fig 30 


If the sum of the two tangent distances for the two curves ^0+ 
.4,0, exceeds the distance between apex points A A the curves will 
overlap in the middle To avoid this either the radii would Ime to be 
decreased or the apex points A and A, would have to be shifted further 
apart 

HAIRPIN BENDS 


A.. 'I'heseYe merely cases Where the deSection angle a equals iSo 
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Tor comfort, the nte of change of grade should not exceed the 
follouing \alues 


Speed (Miles per Hour) 


30 35 

1 

40 

1 d 5 1 50 

1 r 

60 70 

Maximum rate of 

\ 

j 1 


change of grade (per 16 12 

9 

: 75 6 

i 4 ) 3 

cent) m 100 feet j 


' ( 

! i 

1 _ 


The recommendations of the Indian Roads Congress alJou for a fixe 

sight distance of about 550 feet tv lucU agrees \\ ith the figures giv en d> 

the Country Roads Board, Victoria for a speed standard of 60 miles per 
hour It IS not possible to design all roads, especia]l> in hill> conntp 
for tins speed standard Hence where local conditions demand a greater 
latitude the Victoria Roads Board specifications are recommended 

The recommendations of the Indian Roads Congre«s {\ ide appendix 
II VoJ V of the Proceedings) are reproduced below — 

“In the case of vertical curves the maximum gradient should be 
1/30 used over a horizontal distance not exceeding coo feet and the rate 
of change of gradient should not exceed jjioo per hundred feet iiieasured 
honrontalli and the summit of the curve should be made horizontal 
for a distance of 100 feet ^ A sight distance of about 550 feet will be 
thus automatically provided * 

It IS necessarj that particular attention be paid to design of grades 
according to the above figures in approaches to culverts or bridges along a 
straight road where the section speed is high 


SECTION SPEED 


In desipmg a section of a road m an area with generally uniform 
topographical character endeavour should be made to provide for all curves 
one and the same speed (known as the Section Speed' 1 thus affordina 
uniform driv mg conditions and safety over the Section L f 

section where there is a change m the topLmoSf 3 
change from one Section Speed to aSef it 

speed on successive curves in steps of d or to ^ change the 

accustom the dnver gradually to chanm^rf^ 10 ffliles an hour, so as to 
exceptional curve the speed has to be redun^wl 

warning sign should be provided ^ Section Speed, a 

driving conditions e g , a reduction ^ abrupt changes ifl 

the Section Speed but such irqU^Ja 

shouldbeavoided whenever tLy in btehSt^^^^^ Section Speed 
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Standard notation for transition curves (Reference Figs 9, 11 12 and 13 } 

C \ ( 7 ,= circular curve before h>mg out transition 
OZ, & 0 ,Z «• tran‘;ition curves or spinl curves 
Z\ 7 ,= portion of circuhr curve remiining after filling m 
transitions 

0 = point of change from tnngeht to spiral 
Z = point of change from spiral to circle 

1 = total length of transition spiral from 0 to Z measured along 

the curve (in feet) 

I = length m feet from 0 along the spiral to aiij point on the 
spiral 

1 — designed speed in feet per second 
1 = designed speed m miles per hour 
A = intersection angle DAO^ m radians = angle Cl/Cj 
d = angle DAO^ in degrees = angle CMC, 

/? = radius in feet of circular arc CAC, before transitioning 
= radius of circular arc Z\jZ, after transitioning = minimum 
permissible radius of spiral at A ^ assuming that the two 
spirals meet at the centre and that there is no circular 
curve 

TV = abscissa and ordinate respectivclj of any point on the 
spiral with reference to point 0 as ongm and OA as the A 
ordinate 

i = coordinates of Z — A = OB — Y = ZB 
({'L = angle ZTA— tangent angle = angle made bj the tangent 
to the spiral at point Z with the A ordinate 

tfi = angle made bj the tangent to the spiral with the ordmate at 
any point P 

S = shift = distance between the positions of the circular curve 
before and after transitioning 
T = total tangent distance ~ AO - AO, 

A = AZ = total external secant or apex distance 
B permissible coefficient of faction between wheels and road ^ } 
C - permissible rate of change of acceleration per second per 
second per second — Assumed 2 for all speeds 
? , = X, Bj = versme or middle ordmate of segment ZX^Z, 

Xj - A’j = versme or middle ordmate of segment X, Xt Z^ 
e = the super elevation expressed as a decimal fraction of the 
metalled width of the road 
E — total super elevation m feet for Radius R 
c -• usual road camber or cross fall m straight road expressed 
as a fraction of the half width eg i 36, 148 etc 
w « increase m road width 
W = ongmal road width 
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of centre line 

Intermediate level points may be 
fixed by boning rods 
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TRACKWAYS TOR RURAT. ROAD DEVELOPMENT 
By 

K G AIiTcncr.!. C I E . A C G I , M Inst C E , A JI Inst T , I S E , 
Consultwg Engineer to the Government of India {Roads), New Delhi 


The writer first began nearly 20 > ears ago to think of trackways, as 
a solution in certain cases of the stage development of rural earth roads 
Since then he claims to have been the principal, if not the sole protagonist 
—or, as some possibly think faddist — in respect of these In recent years_ 
there has been propaganda and demonstration of trackways and there is~ 
little that IS now left to be said and little fresh material to work into a 
Paper for the Congress, which is a body entitled to expect original 
communications 


2 But this Paper has been written in an attempt to review the 
posi^ ' ■■ ‘ ' ’ r n ^ Tjess whose 

opm that one of 

the port facili- 
ties ch follows a 

widt any other 

means,— the breaking down of the isolation and relative stagnation of the 
villages which result from bad roads The motor bus cleaves to the 
metalled road and still fails to play its potential part in providing con- 
venient, comfortable and rapid transport to and from the immense number 
of villages which he off the mam metalled roads It is because of this 
isolation and stagnation that the more highly educated gravitate from the 
village to the town, and it is because of this that the benefits of prophyl 
actic and curative medicine do not reach the mass of the rural population 
as they should An all round improvement of rural roads is overdue, but 
vnth the WtVeyek cart, as \t th\s e.ppe'ars to be financiaUy 

impossible if we cannot get away from the orthodox methods and 
materials of metalled road construction and maintenance The writer is 
whole heartedly in favour of persuading the community to see the bul- 
lock cart problem m its true perspective, and of spending generously to 
subsidise conversion to pneumatic tyres, but that revolution in rural 
transport will take years to effect and the country cannot afford to stag- 
nate m the meantime It is suggested, moreover — 


(1) that the bullock will remain as the motive power of rural 
transport for many years, so long at least as the bullock 
pulls the plough, partly because agricultural holdings are 
fragmentary ; 

(2) that, if earth roads remain no better than they have been 

for centunes, or indeed deteriorate under increasing 
traffic, it will be the more difficult to persuade the cartman 

49 
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TRACKWAYS rOR RURAK RO\D DCVn,OPMCNT 

B> 

KG Mitchell CIC A CGI M Inst CK AM IhstT, ISK, 
Cotntdlwg Etigtftter lo tlis Government of I t\d\a (Ro:td$) Vrrp Delhi 


The writer first began ceorl j 20 5 ears ago to tlimk of trackwa) s as 
a solution in certain cases of the stage development of rural earth roads 
Since then he claims to ha\e been the principal if not the sole protagonist 
—or, as some possibly thmk faddist— m respect of these In recent jears^ 
there has been propaganda and demonstration of tT'ickna>s and there is 
little that IS DOW left to be said and httk fresh material to work into a 
Paper for the Congress which is a body entitled to CNpect ongmal 
communications 

2 But this Paper has been written m an attempt to renew the 
position as it is and as a parting shot at members of the Congress whose 
opinion should mSuence rural road pohej are all agreed that one of 

the most urgent needs m India todaj is to improve ruril tran’^port facdi 
ties Economic and social progress and that education nhidi follows a 
widened outlook will all follow — and more rapidly than by any other 
means — the breaking down of the isolation and relatn e stagnation of the 
villages which result from bad roads The motor bus cleaves to the 
metalled road and still fads to play its potential part in providing con 
veoient comfortable and rapid transport to and from the immense number 
of villages which he off the mam metalled roads It is because of this 

ivitate from the 
efits of prpphyl 
rural population 

I IS overdue, but 

I it tail, as it is inis iiijpiov'tment appears to be financiall} 

impossible if we cannot get away from the orthodox methods and 
j niaterials of metalled road construction and maintenance The writer is 
vvhole heartedlj m favour of persuading the commumty to see the bul 
lock cart problem m its true perspective - 

'ttbsidise conversion to pneumatic tjres 
transport wall take years to effect and 
«ate m the meantime It is suggested moreover — 

(i) that the bullock wdl remain as the motive power of rural 
transport for many years so long at least as the bullock 
pulls the plough partly because agricultural holdings are 
fragmentary , 

{2) that, if earth roads remam no better than they have been 
for centunes, or indeed deteriorate under increasing 
traffic. It wdl be the more difficult to persuade the cartman 

49 
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to change a cart which has been evolved for such coudi 
tiotis and that therefore ever> extension of better roadi 
will remove an obstacle to the improvement of the cart 
both as a transport machine and as a road use; bv 
conversion to pneumatic tjres or otherwise if there is an 
otherwise and 

(3) that tracirwajs if properly planned are a stage m 
development that can be worhed into the better road that 
may m time follow 


3 It IS unnecessarj to remind the Congress that excluding the im 
men«e milage of village roads more than half of our extra municipal 
roads are natural earth Nor is it necessary to point to the thousands 
of miles of ex.cellent earth or ligUtlj surfaced roads m the United Stales 
and — as Mr Murrell stated in his Paper last v ear — Australia The saen 
tific stabilization of soils has plajed a considerable part in the develop- 
ment in America At the instance of this Congress research m 
direction has been initiated m India in recent years It should be fmit 
ful in many ways but it is apparently beyond the wit of man to pro- 
duce an earth road that will carry heavy cart traffic as carts now aro 
It has been roughly estimated* that there are possibly 50 000 miles of earth 
road already carrying traffic that is beyond their capacity — traffic which 
would increase were the roads to be improved In this connection s 
bnef account of what happened on the roads in the Punjab about la 
years ago is apposite 


4 Attempts were being made by demonstration to persuade District 
Boards that earth roads could be sav ed and improv ed by proper section 
mg and some blending of *:oils A length of about ten miles in each 
district was selected for this demonstration This was so far successful 
that it was followed for a time by fairly extensive improvement and 
maintenance by machinery but it is it is believed a fair statement to 
say that progress was eventually halted by the fact that the traffic was 
or soon became beyond the capacity of any earth surface A subsequent 
development was the reservation of a small strip along one side of the 
road for light motor traffic and pathetic contentment that the rest should 
remam bad This development has at least shown that there is an immense 
milage of earth roads that relieved of the loaded bullock cart can well 
serve other traffic But the expenence with one of the earlier demons 
tration roads may be cited as typical It had been so bad that pmcti 
cally all transport was by pack But the sod was good and by a little 
wndenmg grading and blending of soils a first class earth road was 
provided Tongas and a couple of light buses began to run at once to 
the great comfort of the people and every one was delighted But traffic 
rapidly »«eased and before long pack transport was replaced by buDod 
orts and tte road began to deteriorate and to revert to its prevnous coo 
dition That was some yearn ago the carts may remain but the bo<cs 
w probably given up Goods tran<port may 

haw revetted to pack and the inhabitants are probably convnnced that 
nothing short of a metalled road is any good to theS TrSte that 


Boratiy— I rca dcM 8°\ddre 8^ tnn ml Meeting of ibe Indian Hoads Conpws* 
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example into 50 000 miles of roid m the '«ame cisc and jou ha\e a measure 
of the problem 

5 Ha\ regard to the possible and indeed desirable rise m the 
wages of njral labour 'ind the price of materials it is not wise at the 
present daj to build a metalled road unless maintenance provision can 
be guaranteed at a rate that can seldom be less than Rs 500/ per 
mile per jear Indeed if tfie road is to be surface treated Rs Soo is 
a low figure But at Rs 500/ 50 000 miles of metalled road will cost 

two and a half crores a >ear in perpetuitj to mamtam and after the 
almost iue\ liable periods of tempQrar> neglect large sums to restore 
The present proiision for extra municipal road mamteuauce Provincial 
and Irocal m British India is about four and a quarter crores It is 
generallj believed to be inadequate and it is difficult to get at that 
With trade and revenue cjcles aggravated bv the vagaries of the mon 
soon the main problem m India ts not so much to provide the original 
cost from occasional surplus budgets or even from loans as to under 
take the additional p«pet«aU> recurring and unforgiving liability for 
mamtenance The need for tlie unprovement of rural communications 
is urgent and real Can we contemplate as a practical and immediate 
policj one that uiIJ require the addition of too and a half crores or 
60 per cent to the present maintenance bill which is already inadequate 
ly financed ’ Should we not say that the existing very large invest 
meat m roads should first be adequatel> reconstructed where necessary 
and properly mamtamed before we add so largely to the liabilities ? If 
that IS so are we then to sit back and do nothing until very much 
larger and more regular provision is made for mamtenance > Even if 
the mone> were available is the orthodox metalled road with or with 
out surface treatment tie best investment or can we not find some 
thing serviceable that is less costly to mamtam and less dependent upon 
that essential to ordinary metalled roads regular and unfailing yearly pro 
vision for maintenance ^ 

The writer believes that one answer is to be found m trackways 
which can carry the loaded cart and leave us with earth roads which par 
ticulailj with the help of science we should be able to mamtam for other 
t3ca®>i -at, a. standard cumpajcahle. with. tha.+, of the. TdtvA.-e'i vjwi 

elsewhere and at arecurnng cost of Rs 100/ to Rs 150/ perimkper 
year In cement concrete the trackways may be expected to last for 15 
to 30 y ears That should suffice for the present but if before the expiry 
of that time it becomes possible to advance the read a stage further 
traekuays still have their use or salvage value 

6 It j$ necessary to emphasise and even to labour the finanaaJ 
case for trackways because there are stiU people who do not see the justi 
fication for spending eight or ten thousand rupees a mile in first cost to 
provide no more than a good earth road for traffic other than carts ulien 
an orthodox metalled road can be provided for the same or ev en less 
wtmey Assuming that trackways can be built for Rs 8000/ per mile 
and maintained for Rs 150/ per mile per year aad taking equated 
payments spread over ao years at 7 per cent to include interest at 3| 
pet cent and redemption of capital the total cost of trackways may be 




compared with metalled roads at \anous costs for construction at 
muntenance as follows — 


TABtE I 

Comparison of total cost of trackuajs with metalled roads over 20 years 



jTrackw ajs 

1 Metalled Road 

CAPITAI. cost 

mm 

5 143 

7500 

15000 

ANKUAI^ COST 

■■ 




1 Equated paj merits 


360 

525 

1030 

2 Maintenance 

■H, 

350 

50 ' 

fioo 

Total 

710 

710 

1025 

1 83O 

Total in 20 j ears 

14 200 

X4 200 

20 500 

37000 


It will be seen that iftrackwajs can be provided for Rs Sooo 
a mile and maintained for Rs 150/ it is necessary m order to compet 
in cost to have a metalled road that can be bmit for about Rs 5 oo^ 
and be maintained for Rs 350/ per mile per year Such a metalled roa< 
will not of course be surface treated with tar or bitumen It mil b 
dusty and little better sometimes worse than a good earth road Trad 
uays in an earth road are not intended for motor transport and it is mdee 
said to be difficult to drive a motor vehicle on them at any speed for an 
length of time But after heavj ram for instance when there is Jittl 
or no bullock cart traffic moving and the earth road is soft it is quit 
possible uifch care to drive a motor vehicle along them when it wool- 
not be possible to move without 


7 Trackways are not original Thej are possiblj a revival o 
something of great antiquity in Europe The derivation of the wore 
tram, is from a Northern European word meaning a balk or beam o; 
timber and a tram road was a road u ith wooden stone or later iron 
wheel tracks Trackways for India however were first suggested to the 
writer at least by the simple fact that it appeared to be less costh to lay 
the ruts m durable niateruts than to make and mamtam a macadam roid 
to be cat into ruts while the rest is of v erj little use 

^ t m 1923 24 Alt earth road 

S'c^ipaUbrwik^^^^^^^^ a^'nta^hTtTngSf of JmeS 

an orthodox but unnecessit> embankment with a rnetalkdro^idonth^ top 

for j cart roid^desfc/cr the writers firm conviction that 

practice and tbit for every dominated by 

i ior every nuie of road that is too low and liable to 
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iDuadatioQ hundreds of iiules are spojled bj excessive embankinent The 
edges of a bank are aln a} s damaged bj erosion fjie cut it out and 
hang it up to drv section cannot retain the moisture content necessary 
for stabilit} The bank is a frequent cource of accidents particular!) to 
bullock carts when the bullocks take fright and last Ij and m this case 
also least untiecessarv money ts wasted m earth work to build and mam 
tain the bank There are areas of high rainfall and flooding mers 
where embankment is a necessarj evil But there are man) areas of low 
rainfall and absence of general inundation where the> are an abomination 
Possibl) tlie best hghtlv metalled roads m India are in Jaipur State 
These have a formation about 40 feet wide good berms on mother 
earth and the crown 9 inches or so above the natural surface A railwa) 
must be on a bank parth because it must never be topped and partly 
*“ The draftsman who in a road project 

a straight edge sometimes over a mile 
1 by Ills training based on railwa) eng 
meenng If a road is occasionally topped little harm is done if it has 
a fiat or stream lined cross section or profile Indeed an occasional soaking 
will do a lot of good to man) roads Mith our mixed traffic we want 
wide roads with pi ent) of room on the kachha for the imscellanc) that 
uses them Ever) unnecessary foot m height of bank makes it more ex 
pensive and difficult to widen as well as to maintain the road 

lo To return to trackwajb for some )ears the writer was not m a 
positron to carr> out further experiments and abandoned the subject in 
view of general scepticism and of sobering experience that when the 
people who are to do a thing sav in advance that it won t work it does 
not In recent ) ears however it has bet oine more and more obvious that 
earth roads cannot be made to carr) heav) cart traffic and that even if 
loans could be raised for construction the recurring cost of a substantial 
additional milage of metalled roads at present presents msiiperable obs 
tade to adequate development in that waj Arrangements were there 
fore made with the Provincial nuthonties to la) down two short lengths 
of track ivajs less than a mile each for demonstration to the Tirst Indian 
Roads Congress One of these was on the Jaranwala Sajadwala road in 
the Punjab and the other on the Badh Railway Station road near Behit 


II (i) About the same time trackways or creteways were 
tried on an earth road in Assam The idea was taken 
from similar successful work m Southern Rhodesia and 
East Africa where wheel tracks m both cement concrete 
and bituminous materials had been found to provide a 
satisfactorj and economical form of road for light mostly 
motor traffic The Assam cretewajs had the same 
object 

(2) Some slab-stone trackw a) s were laid m 1931 32 m a sandj 
stretch of the unmetalled part of the Bharatpur Jaipur 
road in Bharatpur State These again were satisfactorj 
Thev were of cour'^e u«ed bj all vehicles which are not 
numerous and when meetmg or passing another one 
vehicle had to pull off but this did not constitute a serious 
nuisance 
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(3) " CrQte\yays " have also been laid in the nits of metalled 
roads, satisfactorily in a kankar surface in the United Pro- 
vinces but not so successfully, it is believed, in stonenucadaa 
in the Central Provinces on tlie Jubbulpore-Damohroad. 
It seems that, while the longitudinal joint between a 
concrete sidf; xvidth and the rest of the road— as in wbal 
Bombay has now called "Conphalt” — does not give trouble, 
tlie four joints with "creteways" laid in stone inacadao 
give constant trouble, Por this type of construction itu 
necessary that the material of which the road crust is 
formed should have, like kankar, very good binding 
properties. 

These instances are. liowever, of track wa}’s or "creteways 
designed for a somewhat different purpose to that wini 
which this Paper is concerned. 


12. (i) A further short length of trackways in an earth road of one 
mile has been laid in the Punjab on the I/yallpur-Jhangroad 
as the separate road for bullock carts, as an experiment 
w'ith segregation 

(2} An experimental length laid in Sind some years ago has been 
so promising that the Sind Public Works Department now 
contemplate the use of cement concrete trackways as a 
standard type of construction for rural feeder roads. 


13 ' 

trackways 

I n, 


opinions. 


Finally in order to test and to demonstrate the traffic value of 
in an earth road on a somewhat longer scale than heretofo*^^* 
t nn,, been laid on the Gohana-Sonepat road iu 

leted in March and will be seen by 

■ 1 January 1941, They can' form their own 


14. Techtiiqw of construction of trackways. 

(i) Various forms of construction are possible and have been 
tried. In certain rare localities, suitable slab stone can be 
quarried and this should be very satisfactory, provided the 
slabs are of sufficient thickness, say 6 inches. For the 
general case, cement concrete seems, at present, to be the 
most economical wearing surface, but ivhether the trackways 
should be made wholly in cement concrete or in thin 
cement concrete slabs upon some other foundation depends 
to some extent upon local conditions and materials avail* 
able. The imxmg and laying of relatively small voIutO^^ 
of concrete along an often dusty earth road requires close 
super\’jsjon and considerable care. With two-course 
inches of lean and tn-o 
i coimrete, these difficulties would 

macfldnm Trackways of stone water-bound 

would probably 

ta%ei at the edges and would be troublesome and costly to 
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repair and renew Kankar has much more cohesion than 
stone but uould also be liable to ravel and nould only serve 
for very light traffic Brick -on edge laid dry has also 
been tned but not, b> the writer, for any permanent pur- 
pose It appears to be suitable only for very light traffic, 
and ^Nhile the bricks can doubtless be turned after a certain 
amount of near, repairs nould be troublesome and 
probably expensive With the exception of the Bharatpur 
stone slabs laid in Bharatpur and on a short length on the 
Badli Railway Station road, the tracknays with which 
the w riter has been connected have mvanably been sur- 
faced with Portland cement in the normal proportion of 
421 more or less adjusting the actual mix to the 
materials in order to get a workable mix with a suitable 
cement water ratio 

(2) Jaranttala Sayadwala Road, Punjab iigures i to 5 (Plates 
I and II) give the details of the five sections of the track- 
ways laid on this road The first section (Figure I) was two 
furlongs m length and the remainder one furlong each 
The first three sections were completed m November 1934 
and the remaining two about a year later, when also were 
laid two sections of a nine feet, light section, concrete road 
for the purposes of comparison each being one furlong m 
length and bemg — 

(a) 2 inches of cement concrete on hand packed 
brick on-edge soling , and 

(b) bonded cement concrete and brick with a thickness 
of concrete of 2 inches over all and 3J inches in 
the * web ” 

Both these sections of 9 feet road (Figures 6 and 7, Plate II) 
were still m existence up to a few months ago that is five 
years after construction but had broken up badly and have 
since, it IS believed, been covered with some bituminous 
premix carpet The quality of the concrete m these did 
not appear to have been good and it is noteworthy that in 
section three (Figure 3) of the trackways the premix inlay 
rapidly wore out leaving only two inches of cement concrete 
which has stood well This is of course, on a very 
heavy foundation of g inches of well rammed lime concrete 
But it is possible that the failure of the g feet concrete 
road IS due, in part at least, to an unsuitable foundation 
The writer has always suspected dry onck as a founda- 
tion for very thm crusts or carpets as giving inadequate 
distribution of load leading to the pulverising and loosen- 
ing of the sub grade and as tending to rock and move 

(3) To digress once more, owing to the difficulty of obtammg 
stone m the Western Punjab, about 12 years ago after 
prelimmary satisfactory small scale experiments, a length of 5 
miles of 2 inch sand bitumen carpet was laid on a brick-on- 
edge solmg This shortly became a total failure partly 
apparently owing to the mix having been too “dry", but 
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upon taking up certain sections, it ^as found that the 
sub grade under the dry brick uas ■very loose and pal 
vensed and ohviouslj afforded an inadequate and unstable 
foundation. 


(4) To return to the trackuays on the Jaramvala Sajadwala 
road, It mil be noticed that in two sections a heavy 
foundation of g ruches of hme concrete was given The 
reason for this was not because sncli a heavy foundation 
was necessary on a good sub grade, but because the 
work was done in a hurry (m order to demonstrate it w 
the First Roads Congress) and the road being badly cot 
up and rutted it was not certain that a hard bottom 
could be found or made at a higher level Actually it 
evidently was since the sections 0114’ inches lime concrete 
appear to be as good as those on 9 inches The inset 
cement concrete 'sleeper' under the joints is now seen to 
have been unnecessary but this was one of the earliest e"? 
periments It is noteworthy however, that while the joints 
have abraded somewhat, there is, as would be expected 
no sign of depression and consequent cracking two or three 
feet back from the joint which is liable to happen with 
plain unremforced and unsupported butt joints 


(5) BtHivnnons Inlay When these trackways were laid, it 
w as feared that heavy bullock cart traffic over a period of 
years might cause surface wear in the concrete whni 
would be difficult to repair, and the expenment was 
tried of providing a one inch mlay of bituminous preinix 
{Figure 3) which, it was thought, could be repaired penodi 
cally leaving the concrete intact This premiv however, 
as also in the similar trial on the Badh Railway Station 
road quickly wore out and was never replaced The two 
inches of concrete hav e stood quite well and m fact the 
sharp arrises at the edge of the slab are still m existence 
SIX years after construction The jnlay rs evidently un 
necessary The writer’s present theory is that the 
trackways should be slightly below—say one inch— the level 
of the earth road which is thus "dished". This has two 
advantages pre-emption against the concrete tracks 
becoming "proud • with consequent difficulty for carts to 
get on when they have got off, and against consequent 
damage to the edges and tlie retention of a thm lay er of 
dust on concrete saving both that and the feet of the 
bullocks There is some offsetting disadvantage «i 
puddling of the earth against the con 
S ittust depend on the amount 


wavs Ja^^^^ala.Sayadwala road tract 

completion and of 
was nubhXri® heyondthe trackways 

^ ^ <^' 3 ver of Indian Roads" of 

1939 and other photographs have appeared 
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else^\here It uill have been seen from these that the 
t^acls.^^a5s are still m sound condition and that the earth 
road IS in \ery good order and stable for any kind of 
traffic other than loaded bullock carts A further photo- 
graph* or photographs uill, it is hoped, be taken in Novem- 
ber or December during the height of the cotton market- 
ing season It remains to be stated that the latest census 
of traffic gave a total* for 24 hours as follows — 

(7) Badh Railway Slalioit Feeder Road Seven furlongs of track- 
wajs were laid in the autumn of 1934 on this road 
whicli leads from the Grand Trunk Road a few miles 
North of Delhi to Badh Station and to a number of 
villages bejond Owing to the recent construction of a 
metalled road giving more direct access from certain of 
these villages to Delhi, the traffic on this road has greatly 
diminished and the test of the trackwa3sis not severe 
These were fully described in Mr Dean’s Paper read 
before the First Roads Congress! and need not be described 
again except to state that, 'as in the case of the Jaranwala 
experiment, the inlay of bituminous premix in the con- 
Crete trackways was not a success 

(8) Trackways tn Sutd The various specifications tried m 
Sind have already been described,:}: but as these are 
the least expensive cement concrete trackways so far 
laid, as far as the writer is aware, the particulars, for 
which the writer is indebted to Hr Parikh, may be bnefiy 
recapitulated All the trackways consist of two strips, 
of cement concrete each 2 feet wide, laid on a track of 
4 feet 6 inches centre to centre. The cost stated below 
IS the estimated cost per mile exclusive of earth work 

(r) Portland cement concrete 6 inches thick, proportion 
124 for the top 2 inches, and 136 for the bottom 
4 inches Jassai stone {Quartz Porphyry) Reinforce- 
ment was used for about 3 feet near the joints, both 
at top and bottom m one furlong aAd at top only 
in another furlong The work was completed m 
November, 1936 Rs 9,600 

(2) Portland cement concrete 4 inches thick, proportion 
136 Khathar stone (Limestone) Rs 6,600 
Completed in November 1937 


* The Piper will hive to be printed and issued probabl} be 
fore the litest photographs are taken and the late-t traffic count 
made Particulars of the latter will be circulated if possible m 
advance of the meeting on an Addendum Slip and, if not, will 
be reported it the meeting 

t Proceedings of the Innigural Jleetiiig of the Indian Roads Con 
gress pages to 50 


J Note on Road Experiments 111 Sind by H B Parikh I S E., 
MIE (India) 'Indian Roads”, No XIII, June 1938, page 4 
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(3) Portland cement concrete 4 inclies thick proportion 
136 «tone Rs 6 Soo Completed m November 

1937 

Portland Cement concrete 4 inches thick* pro^rtion 
124 Ja^sai stone Rs 7,400 Completed in Xorera 
ber 1937 

(5) Portland cement concrete 4 inches thick, proportion 

124 Kbathar stone (krimestone) Rs 7,3^ Completed 
in No\ ember 1937 

(6) Portland cement concrete 6 inches thick, proportion 
124 for top 2 inches and 136 for bottom 4 mches 
Khathar 'stone f Limestone) Rs 9 200 Completed m 
November 1937 

(7i Precast slabs 6 feet 2 inches b> 2 feet b> 6 inch« 
thick nith 3 deep frogs or caiities Portland 
cement concrete proportion J 4 Khathar stone 

Rs 6,200 ' 

(Atflel—TIic las-sii ptone Ins n French coefficient of 303 
clr^ nnd SSGwcl and the Klnthar stone a coefficient of It's 
ilrt and -1 f* wi The la 'ti 'fone i” iherr/orc far -opener 

TThe condition of these in August 1940 ^as as foUo?:s ~ 

(r) Not in good condition Cracked though reinforced 
Those lining reinforcement at top onlj are better 

(2) tVeanng out Pot holes here and there 

(3) Little better than. (2). 

(4) Goad, some cross cracks 

(5) Good some cross-cracks 

(6) Ver> good, fiaivless 

(7) Complete!) failed in 1938 

The traffic according to the latest census taken in 1939 is as 
follovts — 


Normal — 97 5 tons per 24 hours 

Maximum— 166 4 tons per 34 hours 

The relatne failure of Nos (2) and (3) can be atrn 
buted to the lean mix. The success of No (6) using 
inferior stone compared uith Ao (j) uctng supposed!' 
^pcnor stone has not been explained bj Jfr Parikb 
The tramc is light and probabh the inferior stone is 
adequate to the traffic The excessiv e cracking of No (i) 
parliculatl) since the doublj reinforced slabs were worse 
than the smgn reinforced, suggests defects in construction 
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possiblj owing to tins ha\iDg been the first section 
laid 


(9) Tmckuays laid on the Ly xllpur Jhang road tn a length 
of one mile of the separate bullock cart trad in a total 
length of file miles of dual carnagew ly for traffic segregation 
This road which has recently been metalled connects the 
two district headquarters of L> allpur and Jhang and also 
connects a \er> fertile and productive perennially irngat 
cd area with the important and busy gram and cotton 
market at allpur This is part of a mam trunk road 

from Lahore to L5 allpur Jhang and beyond The other 
approach to L> allpur on this road is provided with a 
metalled and tarred surface a mile or two of which has 
been recentlj widened from 12 to 20 feet The theory of 
dual carnagew ays is tint in ultimate total cost it is cheaper 
to segregate than to widen because the cost of mam 
taming the separate widths of road each adapted tO its 
t> pe of traffic may be considerably less than the cost of 
maintaining the equivalent width m a single carriageway 
under mixed traffic The disadvantage is of course 
that the fast traffic is left with only a 12 foot metalled 
road with earth berms which may be treacherous after 
rams instead of the 20 foot road often quite clear of bullock 
carts Against this safety and the comfort of the cartmen 
which are obtained by segregation are a great asset Five 
miles of the Lyallpur Jhang road have been given a dual 
carriageway but this Paper is concerned only with one 
mile of this m which the bullock cart road has been pro 
vided m cement concrete trackways 6 inches thick (The 
other miles are m g feet wide cement concrete 646 sec 
tion and ordinary stone waterbound macadam without 
surface treatment^ These trackways have been particularly 
well laid aud should prove very durable The mam point 
for mention m this Paper is that every one and particularly 
the cartmen seem to be delighted with segregation and 
that the cartmen seem to be just as well satisfied with 
the trackways as with the concrete or macadam road set 
aside for them If trackways can be used for segregation 
there can be little doubt that the cost of maintenance of 
dual roads will be less than of widened dual purpose roads 
The difficulty however is that gradual widening by piece 
meal provision of funds is the hue of le^s resistance than 
the expenditure of eight to ten thousand rupees per mile 
at one time to provide segregation 

(10) Gohana Sonepat road All the experiments described 
above consist of a length of one mile or less and while 
these lengths have given very encouraging results thev are 
hardly sufficient to demonstrate to the road user the 
benefits of the system It was decided therefore to make 
one more experiment on a sufficiently large scale con 
necting one or two villages with some centre so as to 
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show that the whole road cotild, iu practice, be mamtained 
iu a condition adequate to ordinary rural needs. Before 
urging the extension of the system to other Provint^, 
it was decided to make this last trial dual demonstration 
within reach of Delhi as being a centre from which a 
number of people could see it, and five miles of Gohana- 
Souepat road in the Rohtak District of the Punjab were 
selected. Gohana is a small towm about 20 miles North 
of Robtak and is served both by a metalled road and 
railway. The Gohana-Sonepat road is an unmetalled Di^ 
trict Board road. The soil is good. 


(rrl The writer wishes to emphasise that, in these various 
experiments he has been concerned primarily to prove 
that trackways are readily used bj' bullock carts thereby 
relieving the earth road of the worst traffic and enabling 
it to be maintained in good order for otber road users. 
He must confess to having been concerned to avoid com- 
plicating criticism of the system by risking structural 
failures, and has not as a rule attempted to introduce 
economies in construction- He believes that once the suit- 
ability of trackwaj's to rural conditions has been demonstrat- 
ed, there will not be lacking everj’ endeavour to reduce 
the cost of these. Previous experiments had shown that 
given reasonably good soil, plain fi-iuch cement concrete 
trackways with ordinary butt joints, provided with a 
little arbitrarilj' determined negative reinforcement n^ 
the joints, is sound and safe- The main specification 
for the Gohana-Sonepat road was, therefore, as follows: 


{12) Two tracts each 2 feet wdde, plain 6-inch cement 
concrete 1:2:4 with end negative reinforcement, two 
inches from the top, of four ^-iuch mild steel rounds, 
spaced 4 inches centre to centre in plan and running 
3 feet back from each joint in the first seven furlongs. In 
the remaining length, owing to rise in the price of steel these 
\Yere reduced to two ^inch rounds 3 feet long spaced 6 
inches from the sides and stopping one inch &ort of the 
joint. The length of the slabs is 25 feet, plain butt joints, 
without sleepers or dowels, staggers. The slabs were laid 
in alternate bays without any space in three out of every 
four joints betwwn slabs save that pronded by shrinkage, 
but every fourth joint, 1. e. at every loo feet, was laid 
joint filler Much thick. 
All joints and side arnses were chamfered + inch. The 

thi^Tfvin^ th^. 9 f traffic towards Gohana, 

foJ^tW Sr? possible width of earth road 

««tant Odd the 

''4, f°om uf, distance of tlietract- 
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the mam specification The nork was completed about 
Pebruarj 1940 and will, it is hoped, be seen b> members of 
the Congress for themseh es 

(14) The following departure from the standard specification 
was tried in relatuely short lengths in a search for some- 
thing cheaper than a si^c inch solid slab. 

(15) Precast vibrated slabs Certain experiments carried out by 
Mr K>unersle> in Bombay and at Amraoti suggested 
that the denser and better concrete obtainable by vibrat- 
ing would make it possible to use precast vibrated slabs 
having deep frogs on the underside thus saving consider- 
able quantities of concrete The design of these (Plate 
IV) includes an inter locking joint The amount of 
concrete in a slab 6 feet 2 inches long, is 3 i cubic feet, 
which, allowing for the extra density secured by vibration, 
probably corresponds to about 10 percent more concrete 
than the density obtained in the ordinary slabs The 
latter, of course, contain 6 1/6 cubic feet for every 6 feet 2 
inches length of one track and saving in materials 
would therefore, be considerable Unfortunately, the 
precast slabs have proved a failure and, for ordinary 
practice, the causes of the failure appear to be unavoidable 
The manufacture of these slabs requires a vibrating table 
and the only one obtainable was operated by an electric 
motor The slabs, therefore, had to be made at Rohtak 20 
miles away from the work, where energy was available 
Enough slabs were made for 1,000 running feet of complete 
track, but owing to the evident difficulties only 697 feet 
were laid, the remaining slabs being partly used up in 
replacing breakages and in ‘ throw outs” from the track- 
ways where subsidiary roads join the mam road Six feet 
2 inches was assumed to be the greatest length which 
could conveniently be handled Each of these slabs of 
this length weighs approximately 500 pounds and they 
proved to be difficult to handle, and a number of break 
ages occurred before they reached the site 

(16) A greater difficulty, however was the proper filling of 
the frogs to prevent cavitation In order that the finished 
trackways shall be truly level, the sub grade upon which 
the slabs are to be laid lias to be carefully finished 
and consolidated at optimum moisture content to proper 
line and level It was felt to be impossible, without great 
risk of unequal settlement to lay these on loose earth or 
cushion of a sand so that the concrete edges should bite 
into the cushion and ensure the tight packing of the frogs 
and full support of the thm concrete m the panels 
Attempt's ’\\ere made, therefore, to make a sand-clay mix as 
dense as possible and to pack this into the irogs slightly' 
“proud" of the concrete <sides to provide against subsequent 
cavitation on dry mg The slabs w ere tlien carefully turned 
over into the trenches without dislodging the earth 
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"plugs" and had to be slid 'ilong a fe^ inches to 
the interlocking joints Whether the coastniction oJ the 
\ ibrated slab nas defective or whether, despite the extrene 
care taken m lajjng, cavitation occurred, is uncerta^ 
But failures began imniediatelv traffic came on to the trad 
wavs and eventuillj these slabs were all taken up, the frog 
filled w ith le m cement concrete, and relaid m place Ic all 
tins kind of work jomts are a «50urce of weakness 
the necessttv of keeping the length of the slabs doan to 6 
feet, therebv muUipljmg the number of joints woali 
possibI> be a source of subsequent trouble ev en if the oth« 
difficulties of lajmg frogged slabs could be overcome It 
will be noticed also that with the interlocking joint da 
slab falls it has to be cut out but there is no means 01 
inserting in its place a slab of the same length It was 
estimated that if this Kvetbod had been ^iuccessful the cost 
of the actual concrete m the trackwajs would have beea 
about Rs 5 600/ per mile The actual cost after proiading 
for labour and the filling of the frogs with lean cement 
concrete v\ orked out to about Rs S 650/' per rode 


(17I The concrete slabs on kanku foundation 

good kankar is av ailable in the locality and it was 
to expenmeut with slabs on a 6 mch laver of well raiumea 
Aanftar Kearlv four furlongs (2473 feet) were laidwUnt 
mcheii of concrete 1975 feet with 3 indies of concrete 
and 575 feet with 2 inches of concrete On mspectiou earh 
m Julj It was noticed that the 2 mcli «!labs appeared to have 
nddeti up slightlj m tlie vjcinitv of tlie joints and to 
have separated from the kmkiv below \ more detailed 
eaaramation was tonb-^equentlv made wath the following 
results Practicallj all the 2 mdi and manv of the 5 indi 
dabs ov er k inkar had n<^n at the ends to some e:wteiit 


owaog to the scope for expansion prov ided bv the joints 
being msuffiaent (The spacing and arrangement of the 
joints was the same as m the plain 6-mch slabs) Thc*^ 
slabs had separated from the kankar sub grade or earned 
part of It with them for a distance of 2 to 3 feet had 
from each joint aad comer and transverse cracks 
appeared within iS inches of the joints {vide P/ate 1/ 
The tbeorv was advanced tliat this failure was due 
to the curling of the slabs at the end under temperature 
failure of the curled up ends 
m probable evpianation appears 

^ more liable to be heated right 

to temperature rurther 
^‘Jhe^ton between the smooth kankar (po^’tbh 
La «tth the film of dut) and the 

exceederlthe scope of th« 
-omL to P“sh up forming a crock at 

the joints In the Concrete 
lion S i ;uedbv the Portland Cement 

lion of Chicago the following fonnula appe irs 
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If no intermediate cracks are to form the distance 
between transferee joints is given b> 

26/5+fl f :*5 

/ =a 

fW b 

2 

VI here / — distance between joints m feet 

Shallow able tensile stress inconcrete in pounds 
per square inch 

a — area of reinforcing steel in square inches 
ft=width between longitudinal joints m feet 
/" coefiicicnt of sub grade iiiclion 
If ^weight of concrete tn pounds per cubic foot 
/ =• thickness of par ement in indies 
— modulus of elasticitj of concrete 
modulus of elasticitj of steel 

Assume— — 10 /— 2 5=30 (120 ultimate with factor of 

Safety of 4 alow \alueis necessary because stresses begin 
while concrete is weak) If =140 pounds per cubic foot 
a —Zero 6-2 feet (width of trackwa>s) 

(18) 'This formula gives the following approximate spacing of 
joints for 2 feet wide slabs 

2* thick — 5 feet 

3' thick — S feet 

4" thick — lojfeet 

6" thick — I5i feet 

These spacings can be doubled if factor of safety is reduced to 2 The 
fommla relates, of course to the prevention of shnnkage cracks 
and not to the size of panels to prevent joint failure on expansion Bj 
the tune the Congress meets there should he evidence proving or otherwise 
“IS formula in relation to contraction cracks Obviouslj however the 
^apansion movement of a slab is inversely proportional to the weight of 
the slab multiplied by the coefficient of friction and the experience in 
“vs case merely emphasises the fact already stressed bj Mr Walker in his 
«per last jear that the tbmner the slab the stronger must be the bond 
“ the nnderlj mg material Otherwise the length of the slabs must be 
wasiderably reduced A close inspection of the joints also suggested that 
“ey had not been well and trulj laid The expansion joints appeared 
“be correct but at certain of the butt joints the faces did not appear to 
^ Square ^ransverselj It is alwajs possible that in alternate baj 
instruction the first butt end may be damaged and that there wiH be 

ti • Evolmion nf the Thin Concrete Boad intbeUnited Province* hy\V y 
® MC ISL. Siipenniendii c Engineer United Province* Proceeding* of the 
»va Annotl Meeting of the Indian ito'ids Congress, pages 1 (a) to 31 (a) 
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unequal consolidation of the new concrete against it An obvious 
mistake nas made in this respect with the 2 inch and 3 inch slabs is 
not indenting the surface of the or taking other special steps to 

develop a strong bond The damaged joints have now nearly all been cat 

back to the crack and short lengths of slabs have been laid m the gaps 

with precast expansion joints at either end A few of the original joints 
are, iiowe\er, being left untouched, at least until the visit of the Roads 
Congress No defects of this nature appeared during the first hot weather 
m the 4-inch’ slabs laid over hankar, but certain American expenments 
suggest that concrete "grows’ with age and that compression failures may 
occur in the future w ith the 4-incJi slab In this connection, it may be 
mentioned that there was a few years ago one "blow up” on the BadJi 
Railway Station road which was at the time attributed to the packing oi 
the joint with a hard consolidated mass of fine dust, gradually worked in 
by the wheels of carts When the "blow up" occurred the joint was 
cleaned out and the slab dropped back into position since when there has 
been, as far as the writer is aware, no repetition of this Nor has it 
occurred on the Jaranwala SayadwaJa road The bond with the hiue 
concrete appears to have sufficed 

(ig) The cost of the work on the Gohana Sonepat road reduced 
to rupees per mile, was — 


Earthwork 

Precast slabs (double track) 
6 Inch slab 

4 Inch slabs on kankar 
3 Inch slabs on kankar 
2 Inch slabs on kankar 
Details are given in Appendix I 


Rs 628 o o 

Rs 8659 o o 

Rs 10401 0 o 

Rs 8260 o 0 

Rs 6560 o o 

Rs 4S96 o o 


(i) It has already been explained that the writer does not 
claim that trackways are the ultimate de% elopment but it 
is claimed that they appear to be the best solution as ^ 
first stage development of a large proportion of the unme- 
tailed roads which are at present loaded beyond the capa 
city of earth Except in the case of a narrow village rand 
trackwaj s should be regarded as a stage in development 
and be laid out accordingly Certain suggestions of possible 
developments are illustrated on Plates VI to IX appended 
to this Paper Figure i (Plate VI) shows the development 
01 a village road which is not likely to be developed to n 
mgher stage for many > ears Despite the undoubted land 
hunger and the obvious objections to acquirme land m 
areas of small holdings, the wnter is convinced that it is 
most unwise to attempt to develop roads with inadequate 
width of land at the outset, and it will be seen that, m 
level country , a minimum width of 50 feet is proposed fo^ 
village roads This gives a formation width of 33 feet with 

ti e necessary flat side slopes and only 18 feet for borrow 

pits for future maintenance In cases of absolute 

■^o( "I ’■“'^1“' road has a land nnW* 

01 about 65 feet and Figure 2 (Plate VI) suggests the 
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la> out of trackwa>s on such a ^\ldth Figure 3 (Plate VI) 
suggests the ultimate development of a road where a land 
width of 100 feet is available, starting with the segregation 
of bullock carts on trackways A study of this section 
makes it clear that the siting of track wa> s, it they are to be 
used as a first stage development where adequate land 
width is available, needs careful consideration Figures 4 
and 5 (Plate VII) 6,7 and (Plate VIII) and 8(fl) 
and 8(6) (Plate IX) show how, with a land width of 150 
feet, a first class highway with complete segregation of traffic, 
and ultimate provision even for cjcle tracks, can be 
developed starting from the initial provision of trackways 
These may be regarded as dreams for the future, but unless 
there is some plan of stage development from the outset, 
mistakes will be committed which will prove costly and 
obstructive in future 

16 Summary and conclusion The greatest need, in the matter 
of roads of the population at large is the improvement of rural communi- 
cations The greatest obstacle to this improvement is lack of money, 
and the greatest need is to devise a scheme of development which will 
improve the road rupee ratio Provision for the maintenance of existing 
metalled roads is even now inadequate in many parts of India, and the 
cost of maintenance is likely to rise rather than to fall with the increase 
of traffic and other factors A scheme of road development, which will 
add substantially to the existing recurring bill before adequate provision 
IS made for existing metalled roads, appears to be out of the question If 
trackways can be provided for Rs 8 000 a mile or less, they will be no 
more expensive than a metalled road costing Rs 5 000 per mile and 
Rs 350/- per mile to maintain and in many parts of India, a very poor 
metalled road could be provided for that money Where orthodox 
metalled roads are more expensive, trackways show an increasing economy, 
and it IS moreover to be hoped that members of the Congress if they 
accept trackways m principle will apply themselves successfully to the 
reduction of their cost Trackways if properly laid out provide almost 
immediately for partial segregation of traffic and they can form the basis 
of the future development of all except the narrow village road Bven 
if the Congress Utopia of the conversion of all bullock carts to pneumatic 
tyres were to come into being segregation would still be necessary and 
on heavily trafficked roads something better than earth would be an 
advantage to the bullock cart In that Utopia, trackways would be prac- 
tically everlasting 

17 The writer must confess that the length of this Paper is some- 
what disproportionate to what is after all a very simple device He has, 
however, been impelled to set forth fully the history of trackways to date 
and the case for their acceptance by members of the Congress as a rational 
and very promising line of development for a large majority of our un- 
metalled roads He trusts that the length of the Paper may be taken as 
the measure, in the writer s opinion, of the strength of that case 
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Total average weight in 24 hours excluding cars which travelled on service road is 257 tons and 73 tongas. 



Traffic census at Mile 89 T 5 oa Arterial Road No 3 (metalled) m Lyallpur District 
From 7am dated the 18 12 40 to 7 a m dated the 21 12 40 

Nature of Road Surface Tarred Width of surface 12 feet Width of formation 32 feet 
Total eight of all traffic m 24 hours 567 tons 
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TrafBe census at Mile 89 F. 5 oa Arterial Road No 3 {metalled), m I^jallpur District 
From 7 a m, dated the t 8 'i 2 ' 4 t^ to 7 ^ ^sled the 21-12-40 

Nature of Road Surface Tarred Width of surface la feet Width of formation : 32 feet 
Total weight of all traffic m 24 hours 567 hjas 



Average wfevght 1 4 tons Ustons 1.5 tons «207 1 1 i ^S-onsii s^ona 

U 24 toosl «t47 U36 tonal tons I Udotcusl =^300 
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CORRCSPONDENCE 

Comments by Mr B B Porlkh (Sind) 

With regard to the author s remarks m the last sub pan of para- 
graph 14(8) of the paper I agree with him that the relatively more 
nearing of Nos (2) and (3) can be attributed to the lean mix In the case 
of No (6) as the stone used is as 'oft as smd used in the mortar the surface 
nears uniformlj and remains smooth In the case of No (l) however, 
as the Slone used is much harder than sand used m the mortar, the 
surface nears uneven!) and becomes rough The cracks in No 1 were 
due partly to possible defect m construction and partly to expansion 
and contraction 

Comments by Mr W L Murrell, 0 B E (Bihar) 

To be verj frank m> estimation of the Author is such that, if 
I heard that he and another had a difference of opinion about roads or 
anything to do with roads my first impulse would be to say ivith 
emphasis, ‘ The other person must be wrong ’ 

But now, m respect of this Paper, I find that I myself differ and 
that fairly acutely I 

I would like to discuss the Paper first from the point of view of 
policy towards the steel tyre on which the Paper appears to be based, 
and then from the point of view of the purely technical 

I was not quite sure until I read the last paragraph m the Paper, 
as to the extent to which the Author recommends the adoption of cement 
concrete track-ways It is seen that it is for the large majority of our 
unmetalled roads that is to say motorable earthen roads and other low 
type surfaces such as moorum, gravel and sand clay roads the total of 
which in British India is some 75 810 miles, vide "Indian Roads" for 
June 1938 

The Paper, para 2, states that it would be financially impossible 
to subsidise conversion of the bullock cart to pneumatic tyres What 
about 75 800 miles of road at Rs 9 000/- per mile ? 

And then even if the existing lower-type roads could be provided 
with trackway s what about the remaining 73000 miles of other roads 
m British India ^ Are these to continue to be at the mercy of the 
steel tyre ? 

Most of these higher ty pes of road suffer severe damage from the 
steel tyre, and many engineers would hold that, if we could fit reasonable 
tyres to the bullock carts, not necessarily pneumatic tyres, we would 
saveRs 200/ per mile annually on the higher types This luxury, 
the steel tyre, on the higher type roads remaining without concrete track- 
ways would stiU be costing British India about 15 crores of rupees 
a year 

If we forget about trackways lot the moment, and assume that 
the substitution of a village-made wooden or other tyre for the steel 
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tyre would save an average of only Rs. loo/- per mile per annum oa all 
the roads in British India, the total saving— or prevention of waste, would 
be about rupees two crores annually, and a widespread village industry 
would be greatly stimulated. 

In any case, trackw’ays or no trackn'a5’s, think of the irnprovemeats 
we could affect with an additional crore or two per annum I 

Point 3 is that the Author appears to have abandoned hope of aa 
improved village-made wheel. Has any really serious effort been tuadr 
to improve the bullock cart wheel in the last 5000 years, except, of 
course, the rather unfortunately successful one of giving it a steel tyre? 

For how long is this polic3’ of complacency and appeasement and 
refusal to face stern reality to be allowed to continue ? The steel tyre is 
the Dictator. Is it necessar>" to quote the example of Europe— bow 
refusal for years past to recognise the real situation has made the final 
show-down and reckoning more and more expensive ? 

Any person who tries to make a regular business of carrj'iag messages, 
is acting illegally. He is going contra to the interests of a Central Govern- 
ment Department. If su^ practices were allowed^ the public would have 
to pay more for their stamps 

But any private person can make the public pay more for its roads 
if, in order to personally gain something (savings in tyre niaintenance} he 
decides to fit steel tyres instead of wooden ones to his cart. 


The Central Government can do nothing because roads are a 
provincial subject The reality of the matter is that this talk of "subjects' 
IS bunkum. Roads are neitlier a Central nor a l^ca.1 Government, not’ 3 
Local Self Government matter. They are a national concern and, in tiH 
matters of basic importance, the National Government should control. 

Is it not the complacent tolerance of constitutional absurdities or 
repeated failure to rectify important administrative defects that proWde 
ground from which dictators spring, and from which potential Quislings 
draw their wherewithal! ? 


"If you have rats eating your grain in 
to produce more grain than the rats can eat. 


a milk you do not try simply 
Von try to kill the rats*'. 


With every bit of the respect due, 
to the problem is to make the mill proof 


^ suggest that Mr. Mitchell's repl^ 
against rats. 


These rats can be killed in such 

shouiu uu 11. 


a wav fhg nuisance will never 
to the British Parliament 
' steel tyres illegal, thus 
' --t- tuer a limited period, lodm 


have been expressed if ^ *t would not 

in the last twelve months or -?n overwhelming evidence 

any sort of convention British public are ready to scrap 

“ that goes against the national interest. 
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Before proceeding to the purel> technical it is remembered that 
Whos Who in Hades gi\ es Stsj phus as the name of the poor 'oul who 
nas condemned for ever to roll a great heavj ball of stone to the top on 
incline and then to watch it roll down before he pushed it up >et again 

MUST everj one of us be a Sis>phus condemned for the rest 
of our «;ervice to keep on rolling the heivi load of road maintenance 
anaua1I> and uselessly up the steel tj re incline ^ 

The readers of the Paper will have observed that the whole scheme 
of trackwajs depends on the correctness of the assumed 6gu res Rs 560/ 
and Rs 150/ given in Table I 

I regret very much that I cannot accept these figures 

Equated pajments Rs 560/ per annum is based on a presumed 
hfe of 20 jears and this from di'jcussions in Delhi in January last is 
believed to be based chiefly on the behaviour up to date of the cement 
concrete surface of the Grand Trunk Road near Benares 

I submit that the comparison is not justifiable 

In the first place two main factors make the foundation conditions 
quite different in the two cases 

Loading Conditions — 

Impact effects will be greater in the case of the trackway owing to its 
weight being much less than that of continuous broad concrete pavement 

Also owing to the lateral continuity of the broad concrete pavement 
the intensit> of foundation pressure due to a given wheel load will be 
much greater in the case of the trackways In the case of trackways this 
pressure will be very high near the ends of each component slab or length 
of trackway owing to longitudinal discontinuity at the expansion joints 

Foundation Conditions — 

The continuous broad pavement slab keeps its foundations dry But 
water can easily reach the foundations of the tnckwajs The dishing of 

wet foundation conditions 

As I will now attempt to show it is the necessarily shallow depth of 
the slab only 6 to 9 inches that makes it unable to cope w ith the two 
above mentioned conditions 

Let us consider what would be the fairly common ca«e of a o 5 feet 
thick trackway with butt joints on clayey soil in the monsoon with 
material weighing 100 pounds per cubic foot between the tracks 


The allowable total pressure P on the foundation is given 
Rankine s formula as 


05 = JL 

100 \i + sm 4,/ 


where ^ is the angle of repo«e of the foundation «50il 


Many engineers hold that 4 for wet clay is Nil but let us assum 
It to be about 15® 
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Then the factor becomes 0 24, and p is onh ziopoaads 

per square foot which is to co\er the weight of the slab, the Ine load and 
impact. 

Now let us assume tnost favomablt conditions 

According to Rankine's formula, the foundation of the thicke'^t slab 
(9 laches) m soil of high angle of repose, 40°, should be given a loading of 
only 1500 pounds per square foot including the weight of the trackwaj, 
the Jive load, and impact 

It would, therefore, seem that we should etpect all butheavilj 
remforced concrete slabs to crack first near their ends, and then nearer 
and nearer towards the centre of the length of each individual slab 

Another reason wh> the hfe of the track waj cannot be 20 5 ears ot 
the equated pajment Rs 560 - is that the wheels will track o\er a width 
of only 1x2 feet, instead of over a width equal to the full width of 
an ordinary concrete pavement and therefore the rate of wear would be 
greatly increased That the trackwajs described in the Paper do not 
show more wear is doubtless due to the cotnparativelj light bullock cai^ 
traffic which they are being subjected to 


Furthermore, humidity and temperature \anations must cause 
warping of the trackway, especially where the cement concrete is tbm a* 
shown on plate i 

The concrete strip will rise towards its centre owing to ram out of 
season, or owing to the morning sun It will curl up at the ends with a 
break m the rains, or m the cool of the summer’s evening. And the 
bullock cart wheel, m either case, will catch it bending 

There seems to be no hope at all of cheapening the cost of trackivajs 
as suggested m (ii) on page 60 of the Paper 

As regards the figure of Rs 150/- for the mamteuance of trackwajs 
given m Table I on page 52, I regret that I cannot belie\e that this amount 
would cover the cost of joint and crack repairs under reasonablj heavy 
steel-tyred cart traffic, to say nothing of the maintenance per nide of the 
road for other-than cart traffic 


This completes my attempt to show that the figures Rs 560/ aod 
Rs 150/- are much under estimated and, therefore the trackwajs 
programme even for the unmetalled part of the road system is not sound 

One result of the high ongmal cost of cement track wavs would be 
that, once laid down, the trackway would largely dictate as to anj future 
re modelling of the rood 


This would not matter much if land and property acquisition were 
expensive and must be avoided and, 
anv ^ ® responsibility and difficulty in deciding for 

any particular road, where to place the trackway 

trackwai^\^^ '’sht, but we must not forget the fact that 

load Not much ^ w existing 75,800 miles of unmetalJed 

much of this will develop into arterial milage 
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I claim to be as progressu e as most people wliere roads are concerned 
but all things considered I cannot accept the concrete trackway as the 
solution of the problem for even the greater portion of the 75 800 miles of 
unmetalled roads in our minor roads triangular 

As shown m m> remarks * on Paper No H 40 Ihe use of soil stabi 
hsation in the metalled and umnetalled roads m India II I have advocat 
ed the adoption for our minor tnangulation of a low cost section costing 
about Ps 3100 capable of easi improvement to one costing about Rs 7200 
per mile the steel to be replaced b> non cutting non bruising tyres 

A cause for a little surpnse and disappointment is that the Delhi 
discussions did not bring out more about water bound macadam for cart 
traflSc 

On the Chas Gulbera Road in Chota Nagpur there used to be a 
water bound macadam trackway for all traffic It con'^isted of 30 x 6 inch 
water bound macadam of vein quartz on well drained stable earth found 
ations with a depth of an inch or so of mooram gravel betw een the tracks 
and outside them The steel ty red bullock cart traffic was moderate but 
It was because of the increasing motor traffic and not because of the cart 
traffic that the road had to be metalled to a width of 9 feet and surface 
treated 

I believe that there are two ways lu which trackways can be utilised 
in our road system 

1 Creteways^ln cities and m the region of big mills brick fields 
and railway stations etc or on arterial or inter district roads where it is 
necessary to protect the mam road surface or to segregate foot and slov\ 
traffic or to do both 

But such trackways would have to be more heavily constructed and 
might even tend towards a slab cum trackway section 

2 Waterhottni trackways — On the berm of or m conjunction with 
soil stabilised pavements 

I would like to express great appreciation of the Paper and I 
think we should be grateful also that the Author took the opportunity 
(para g) to state some very sound general prmaples to be followed 
in road design 

Author’s reply to the above comments 

The Paper was intended to be somewhat provocative and to 
challenge discussion and criticism It was a challenge at once to the 
lack of any original developments m the realm of rural road improvement 
and to those who regard the existing conditions with pathetic con 
tentment It is true that m paragraph 2 of the Paper a reference 
nas made to the 50 000 miles of earth road in India already loaded 
beyond capacity But in offenng trackways as one of the •solutions 
the author did not feel that he was taking any very grave nsk of there 
being a spate of trackway construction of that magnitude if that system 
Were found on further trial to be radically un’sound In the time which 
eien m the mind of the greatest optimist must necessanly elapse before 

• 1 1 * page I56b 
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a substantml part of the 50000 miles can be impwed, it is a reasonaWfi 
assumption that better methods, if they exist, adapted to local conditions- 
and there is tinfikeJ} to be anj universal remedj—nijl surel> be etohed 
The author is, therefore, unrepentant for having “traded his coat’ lo 
doing so, he expected it to be trodden on here and there The Papci 
is fortunate jn having attracted the searcli light of Mr Murrell s enthtt 
siasm~-but the author is sonieuhat surprised at having drawn also 
the fire of accusation of being m some relationship with Sisyphus 
fafthough it IS Mr Murrell who is rolling a great hea\> wheel), Quisling 
and the foolish miller. 


2 But, £ (ofi? the business m hand is to meet 5 h 

Murrell’s criticisms as best as may be They can be considered under 
the /ollomog heads — 

ti) The paper advocates a tj pe of construction that would ^ 
unnecessar) if the steel tjres were abolished and that tnt 
author would have been better emplojed m an attack on 
that tyre 

<2) The author considers anj wholesale scheme of conveision of 
carts to pneumatic tyres to be financially impossible, but pots 
forward a proposal that involves equally astronomical 
ture while leaving untouched the damage done to harfl 
surfaced roads by steel t>res 

(3) That for certain technical reasons, which Mr Murrell sets out 
the figures of Rs 560/* per mile per >ear for equated 

of first cost and Rs X50/- per >ear for maintenaocc at 

fallacious and that, therefore, cement concrete tfackwa>s at 

a snare and delusion Moreover, the cost of trackways 
reduced 

(4) That trackways will hamper future development of 

for ah classes of traffic (c / the ' all on ' school), nod that to 
future developments sketched m the Paper are visionary, 
few of the roads to be developed by trackways can he expire 
to emerge, with the passage of tune, as main highways 


3 The author would open his reply to the first hue of criticisia 
by stating as his opinion that while, with wide spread conversion rp 
pneumatic tyres, it would probably be found to be possible to tnaima’® 
*n good order at least under light (250 500 tons) bullock 
traffic, it would not, ta the averaee alluvial soil be possible to do s 
" ‘ ' ement possible is the substitution 

-c This Opinion va based on o»s« 
the steel tyre is little used Such 

* “ gieatiy improve the road for the bullock 

but would uot prevent the cutting of the whole formation width into 
telatwdy shallow but dusty or boggy ruts that would impede or prevent 

liLTC tlf " I ^ ^ reasonable road for other traffic The abolition of th® 
1 ) 1 } ^^^wense sums on the maintenance of hard surfaced 

also extend the scope of lower first cost improvement of 
^^“er problem Moreover. 
_\vie yaper uocs not purp ort to be encyclopedic Xt is not a pessimi^ 

* ( * Allcr cornphencutA ) ' ' 
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surreader to the steel tyre, and even Mr Murrell's hypothesis is correct 
(that cement concrete tracks a>s ^\ould not be necessary if the steel 
tyre would be abolished) It w ould m the author's opinion be wrong to 
neglect possible cures merel> because, in time, the disease may be 
prevented or at least rendered less se\ere With the disappearance of 
the steel tjre, the cement concrete trackwajs, properly maintained, might 
be even more economical in relation to alternatives than is at present 
claimed, since surface near would then be negligible 

4 (i) The question of cost of subsidised conversion of carts to 

pneumatic tyres is one regarding which there is still, un 
fortunately, inadequate statistical information But the use 
of bullock carts on public roads may be roughly considered 
under three heads — 

(a) b> the professional cart man regularly using the road more 
or less throughout the jear, 

(b) by the agriculturalist who, when not employed in ploughing 

and harvesting ekes out a livelihood by carting work 
The extent of this type of use depends on local conditions, 
« g m grass land, where fodder away from home is cheap 
It may be extensive but in heavily cultivated areas 
where cultivated fodder has to be bought this traffic is 
much less , and 

fc) by the agriculturalist who only comes on to the public 
road to market bis crop or to take his family for an 
Outing 

(2) It IS not possible at present to draw any quantitative 
distinction between these classes or to determine to what extent 
any practical distinction can be drawn. The subsidy theory 
rests on the basis that conversion will be of economic benefit to 
the owner of the cart because the improved wheels and 
axles will enable him to carry a heavier load with the same 
bullock power That is undoubtedly correct m the case of 
the whole time professional cartman In the case of the third 
category, * e the agriculturalist who only rarely uses his cart 
on a public road this consideration does not hold Moreover, 
with the cart idle for much of the 5 ear and exposed to weather, 
the tyres would probably perish and the wheels and bearings 
rust If, after three jears, the subsidised wheels and tjres were 
useless what would happen then ? 

Therefore, except in the ca'^e of the cart in constant use; the subsidy 
would have to be heavy, and the results of offenng such subsidies on a 
large scale cannot at present be estimated In proposing expenditure on 
trackwajs, there is at least the certainty of tangible impro\ement The 
author is as anxious as anyone to see a conversion of carts to pneumatic 
^res where it is economical! j justified, but he is equallj anxious not to 
delude himself with false hopes that, with that in prospect, he need 
not do anything about the roads 

5 (i) The third cntici'^m is probably the most senou»!, but is not 

unanswerable It is that. «mce a life of 20 j ears cannot be safely 
assumed, and the trackwaj s cannot, m Mr Murrell’s opfnfon. 
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be nnintaiced {or R' iso^ per mBe tie to*al c' Rs. 
per annum t* a me'n op*^)m sUc estimate 

(2) Mr Murrell '♦arts b\ <;aMC5; tha^ the claim of a io rear 
based oa the incorrec*’ analcr'^ of the concrete c 

Grand Trunk road near Berare' It rs true that t**ea: 
VN-as dra^vn bat the author places |:Te3ter rcLauce cs : 
experiment*- in i^hich the tteo*^t3caI failn e of th* 'ua-' 
pointed out b\ \Ir Murrell <hoald ha\e had time to 
The Tarantvala Savadnala road tniclrivaT*s have been 
trafic for cearl% 7 \ear' There are cracks as there are in 
concrete surfaces but th*v do not do anv tno'e him: 
cracks ra a concrete road 

(3I la hn remarks on foacdatioa cosd:tion:> , ^ ^ 
appears to thion to the mad' the irhcl* theo*^ h-' 
«oil 'tabdisit on because if pven p-Tiperlv «tab'’ 'cd 
unde' the trsclrf and proper attention is 
mamtenacce to dratnage the beanau rwwer of 
'ub-grade «ix luche*- below the 'urface of the road i- ■ 
fAe r-'^s* /r\ um^V ccrii'i'iM onlv i^oo pound' pet 
what i' to become at the 'urface and beloir* of Mr V" 
low-<sjst 'ectjoa at Rs 3 lOo per mile rinng to R-*- 7 ^ 
wheel load' not htelc to le-- than *>00 po^d pe' ' 
of tvre Incidental^ at a first cost of R' 7 **00- pc ^ 
equated pavTne''t' a** taken in the Parer would am 
R' :jaf pe- rear Adding R® for maintenance—’*^ 

extraYa«^nt guess~tfce total would be R'. 754 •• 
more than the autho' claim fo' tmckwav' Mr f’7 
'cheme rua'i be 'ounder the two but lu- figure^ wcuM t 
le" astronomical 

(4} But to reve't to foundation conditions and assunu’*5; 
e 5 ec*ave length of track of 3 feet we have the af"ur 
paradccucal proposition that a l-xad that cannot be carr 
du^nbuted over an area of six 'quare feet bvarg’d*- 
concrete can be earned bv «=ome Iichtlv '♦abOrsed asd p 
crust pnibablv no greater depth 

(al E^t the beaiicg power of well 'tabil^sed 'oil ende' tiackt 
provided that it can be pro’-ect-d from ^tumtrm m 
monsoon has been proved to be remarkable la drv w*. 
ordmarv drv bnek-on-edge tracovavs laid near Delhi, i- 
co’d weather of 10^.0-41 have <*ood up to tra£c »** ' 
r o'*^. of 2600 tons per dav fo' 150 davs wit, 

apparent damage o” b'eak-down of the ^ 

No *P««d. vestncTion -was impcteed nor did the 
i^If ^low np pacticularlv at the tracfcwav' Tk* ^ 
ludud^ a fair proportion of lo-nes loaded to a to^ ^ 
^ winch p’obabb 5 tons was on the 

wh.ch was equipped with ft,ar 30x6 tries. 
mowance is made for impact and fc' the d?:tnbutr'= 
load bv tvies. the intens tv cf load on indindci^ 
cepeedent b-ncis in the pavmg must obrious’v have 
manv tunes that on the 'cb-grace under a cement ccui 
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trackT\aj carrying bullock carts only The author finds 
it difficult to believe that, e\ en m the monsoon, the bearing 
capacity of a well consolidated sub grade, six inches below 
formation level would be as feeble as the Rankme Murrell 
theory suggests 

(6) Mr Murrell gives us another reason why a 20 year life cannot be 
expected, — the fact that the traffic w ill be concentrated tracking 
That IS a possibilitj , but the author recommends that the earth 

’ ’ ’ ’ . . • . , above the tracks so 

• cushion of earth 

f drainage but that 

difficulty ■should not be unsuperable In any event this is one 
of the things that the experiments set out to prove 

(7) As regards temperature curling, which occurs with everj form 
of concrete road, the author sees no reason to suppose that the 
effects will be more serious with trackways under bullock cart 
loads than with pavements under fiv e ton axle loads with high 
speeds and resulting impact 

(8) The author is prepared to abide b> the results of actual trials to 
answer these queries He hopes that someone will find a iiay of 
reducing the first cost of trackwa3S but he cannot accept 
Mr Murrell s conclusion that the reason why those so far laid 
have stood is because of the light ’ bullock cart traffic to 
which they have been subjected The traffic on the Jaranwala- 
Sayadwala road is ' light — 260 tons — but the individual 
carts are probably as heavy as are to be found anywhere m 
India The road serves a fertile and perennially irrigated area 
and IS thus it is claimed, a fair test Its condition beyond 
the end of the trackways is thoroughly bad, and the test is 
typical of the type of road for wfhich trackways are advocated 
Moreover, while one must hesitate to accuse Mr Murrell of 
loose thinking it appears that he has not fully considered the 
actual traffic density on rural roads Statistics are notoriously 
defective and incomplete, but it is well to remember that, where 
they have been collected in a Paper read before the Indian 
Roads Congress m 1935 Colonel Haig showed that out of a 
total length of 3191 miles of metalled road maintained by the 
United Provinces Public Works Department, the intensity of 
traffic on 1827 miles, or 57 per cent of the milage was less than 
500 tons per day ♦ This in a densely populated Province where 
also It IS not unreasonable to assume that the Public Works 
Department metalled roads are on the whole those carrying the 
heaviest traffic It can ic the absence of statistics, be reason 
ably assumed, therefore, that a very high proportion of the 
50 000 miles of unmetalled road throughout India, referred to m 
the Paper, carry only light traffic, i e less than 500 tons per 
day Probably mudh of this 50 000 miles has only “very light" 
traffic, 1 e 200 tons and under but even this is too much for the 
ordinary dirt road This criticism does not seem to be appo«ite 
It IS the light traffic road that we are considering 

• TralTic Cenou# am! Hoad Diagrams’’, by Lt Col VV de H Haig 1 ) S O 
Irocccdtngsof the Indian Roads Congress Volume II page 10 
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(>i) r\istiMg bii!!ock cirt*; uith comprQnn«^? tw'* ndepba 

(in) rusting pncunntic tj res on specnl rmis on ulbgcipade 
n\les ind busheii hubs 1 e composite \^heel 

{b) For the 'igncnlturist cart (5) — 

(i) rusting li^ooden t\re«; 

(li) Conipromi'^c tjres 

Go\enjments sltould proclimi as soon as po‘;«:ib}e that after 
5 >cars steel would not he allowed unless the tue width 
4 inches mmtmum on an appro\ed tvpe of wheel and then onU for a^n 
culturists 

PneLMATIC T\RI PQUIPilENT — 

The main difiiculties in the wa^ of uni\er«al adoption of pneamatrc 
t>re equipment with ma'^s produced a\les and roller bearings are ^et oot 
below — 


Pnee — The average onaierdmer cannot afford the imts'il co-t 
which includes the cost of both manufacture and distribution 

As regards the cost of manufacture the producers claim that the' 
ye producing pneumatic cart t'res at tlie \er\ lowest possible price 
because the% bche\e that the wide pread use of sucli t'Tes wall tnabe po 1 
ble a great mileage of low cost roads thus increasing motor traffic gcoe* 
ralU and 'ki increasing the general demand of the general public for 
matte tjrea Thej are understood to open!\ iiuite scrutim of tlw co > 
and prices ex eu bx those w ho are the keenest opponents of the 
matic cart tire m order to proxe that thex are sincere m 


The producers also point out that if onjx the demand for pneumatic 
txry were greater thex could further reduce the cost bx adoptms 
yale productimi methods This claim is understandable and fortlier p«« 

^ of Goxemments xxere tj 

Goxemment of Smd whicli sub Jdl^es the 
fiihirp part y their definite continuous policx towards t 

luture realisation of the low cost road 

carts are tr> mg to sub-^idi^e pneurnatic-tyr^ 

s^s srs 

Wxer that ,t does no° paV^n^tmetors 

C^xernments could Subsidiv* ♦« « r Co*opei^ 

tne Societiy and Cane and otl o maU a 

I^iabt> of adxancmg monej pncntia 

t>xes Such Societies fnxo alrcadx the re^u^ite machmerj 
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providing finince to smnll owners or for tlie repossession of pneumatic 
equipment in ca^es of non bona fide borrowers 

Another means of subsidising pneumatic equipment carts which has 
a special feature occurs to me 

Once a boj has learned to ride a bicjcle he finds that c> cling is a 
better waj of getting along thin walking or running and he dreams of 
possessing and will stru e his utmost to possess a bicj cle The same ambi 
tion to possess is re born when the c>clmg jouth learns to ride a motor cycle 
and later when he can dn\e a car 

The tlieoiy tlien js to give as many professional carters as possible a 
good taste of the comparati\e ph)sical lu\urj of dnvmg a pneumatically 
equipped cart — to say nothing of the satisfaction of having a heavier purse 
at the end of the daj s work 

To this end it is suggested that Provincial Governments instruct each 
roads division to purcliase three pneumaticallj -equipped carts and to hire 
them out to anj uho appear to be professional cartmen Each cart would 
caro a prominent tablet Public Hire Cart May be hired by any pro 
fessional carter for a period not exceeding one month m any jear 
at the rate of four annas per day The inscription to be m the 
vernacular 

In divisions where there are hill roads these Pubhc^plurc carts 
might be made de luxe by the addition of standard braking equip 
ment 

Another factor influencing the cost to the cartman is the cost of 
distribution In order to save for the carter tlie profit of middle men 
and the comniissioii of touts Governments might consider instructing 
certain local officers such as Civ il or Public Works subdivisional officers 
to supply pneumatic equipment for cost received jvitliout charging depart 
mental supervision charges the transaction being shown in the ordinary 
register of deposits and cash book 

\\ here distribution is not on a cash but on a credit basis the local 
bodies or societies above referred to could distribute without making de- 
partmental charges 

It will thus be seen that provincial governments might do a great deal 
to minimise and control prices without themselves incurnng any extra ad 
mmi^tratne exp“nse 

Matnlenancc — 1 car of trouble witli punctures causes hesitation m 
adopting pneimntic tv res 

OwniR to the low ';pe«l and pre«;surt the repair process need be no 
more complicated tlian the ordmarv cold one with solution as used by the 
ordiinrv cvch t Tliert isacvch tin even village and doubtless manv 
wheel Wrights keep cvcles an 1 do their own repairs 
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^ deilatloa tot 

of 5)e wS ii? on the Widespread devrfopireirt 

aLelo reftlr if nnport^nt petrol coiwpanics of India are agre« 

free air facilities tosu^ 

rfirs pohiics or on lack oj technical kmUedge (6)~ 

c/e to tip Mrtftpr t/ ^ widespread and quite a fonmdable obsta 
cartmen ^ ‘ re e\en b> commercial 

n '^^•^Sation that the traditional occupation of the Tillage 

acht ^ least two lines rf 

shouliTlS^/pf^L bodies for full pneumatic t3 red egmpment 

Smolent carpenter, the suppliers of the pneumatic 

JO Hmdi nnri themseKes with issuuig detailed plans mstnichons 

Zfo^ZTl?J J Patterns for the instruction of cart bode, 

g CMstmg bodies to pneumatic equipment 

fbc pneumatic tjre producers should produce a special 
and axles^ enable pneumatic t\re to be fastened to \inage-imde hubs 

were ^ inscription on the nails of the tyre 

rubber tyre on the old:nar^ 

tyre and Mr Eahshnunaray ana larTnlf ^ ^ m 

cate tvjth the Director of t ransport to me that I commam 

considered this matter ol^sobd tyres Tra\ancore State nho ha 

Correspondence vmUi the ^ * 

however sho\\s that owm^ ir> fu Transport Traraucore State 

treading a normal four and a iaj/ f of rubber required Wr 

cost would compare unfai,ourohN^r,*?*^ diameter MUage cart ohee/ tof 

tyre that of the present poeitniatic cart 

As certaui Bihar District n j 

methods of agncultm^ j ^ bold eshibitioos of improved 

for steel or solid rubber for for designs for substitutes 

been no response to thj< w f ''dlage cart wheel There has 

receu ed f/irough the Directot of IndustSs ^ compronii.e tj re t^s 

*7 tt.c . 


2 his desipn and tm«-v 

“ «™prom,ae 1 , ribas actual 
fhis and about getting U tested Congress could do some 
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Then came the idea of ha\ ing 1 pneumatic t3 re on a special rim bolt 
ed to the wooden felloe of the ordinary cart wheel as was suggested by 
"Mr Campbell Graj for a solid rubber t> re 

This was di«cussed with the manufacturers of pneumatic tyres who 
receiaed the idea enthusiastically but pointed out that it was impossible 
with present methods to construct a tj re of diameter comparable with 
that of a village cartwheel jet with the necessar} economical sectional 
width of 3 or 4 Indies The construction of such a t> re would need expen 
cue research and new plant 

And so it boils down to this — 

If we are to retain the advantage of the easj pulling large diameter 
wheel we must adopt the compromise tjre The Gumming wheel is 
a large diameter wheel with a steel tjre about 4 inches wide but it 
would damage manv tvpes of low cost road and therefore cannot be 
accepted 

This brings us to the third alternative for the commercial cart which 
might be called the composite wheel 

The principle here is to encourage the use of the ordinarj axle and 
the village made hub bj selling the ordinarj pn“umatic cart tjre complete 
w ith a special run and cleats a few inches long by w Inch the iim can be 
fixed to the hub by the village wheel w right 

No sketch IS made of the proposed arrangement as the manufacturers 
will be the best authority to make a design but the rim would resemble 
the detachable nm u^ed on motor cars a few j ears ago the cleatc being of 
light but stiff design and nvetted or welded to the nm 

This arrangement of course would not have the advantage of the 
large diameter of the ordinarj cart wheel which minimises the effect of 
axle friction On a smooth hard road the proposed 36 inch diameter 
pneumatic tj red v\heel with plain bushed hubs or composite wheel 
would need nearlj 50 per cent more tractive effort than the ordinarj 54 
men diameter cart wheel for the same axle load The ligli ter weight ol 
this composite wheel and the supenoritj of the pneumatic tjre over the 
steel tj re on non rigid pav ements ^uch as an earthen road w ould do much 
however to make the rural paj load of the composite wheeled cart com 
parable with that of the ordinarj cart 

The composite wheeled cart would of course be ideal where the 
mam considerations are bulk or comfort rather than weight e g furniture 
carts or passenger v ehicles 

It mav plea«e be understood that neither the compromi«e Ijre nor 
the composite wheel are suggested as serious rivals of the pneumatic 
tv red cart with roller bearings Thev should properh be descnl^ed as ne 
ccssities arising from the neces itv for the low cost road and the impos 
sibihtj of cverj carter being able to purchase the more efficient equip 
nicnt 
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The flexible tj re i<5 Science s gift to the low cost roid engineer Tt* 
roller bearing is or should be her gift to the bullock 


ii'^nir'noN ix rm vi-wai tsr 01 imumaik rMt*- 

There are ';e\eral wajs in which restnction stands m the wa) of tbi 
unj\ersal adoption of pneumatic tj res for cominercnl carts 


Restriction of pay load — 

No professional carter is going to laj out a (to him) large suta for 
the purchase of pneumatic equipment unless he can recover the outlay 
bj carrying a heav ler pay load 

In Calcutta buHock cart drivers are allowed a payload opto 43 
niaunds m Bombay only of 20 maunds In places hke Bomoar 
it IS therefore not likely that commercial carters will go in for pneumatic 
equipment 


Resinclion of use of roads — 

Prejudice (6) has already been shown to be one cause of restriction 
Another District Board (8) has withdrawn permission for pneumatic tyreo 
carts to use the crest oj the road formation a privilege whicli had been 
great inducement for carters to fit pneumatic ty res 

It IS perfectly true that on many narrow crested roads 
slow moving carts obstruct motor traffic but the pneumatic tyred ca 
owners hold that their loads are vitally important for local prospertt? 

that the motor traffic is small and that the District Board is not justmeo 
lu spending public money for the maintenance of motor traffic alone 


Obvioudy the restriction should apply at most only to the narrow 
crested roads Equally obviously all narrow crested road formations 
should be widened to a minimum width of '’O feet crest Provincial govern 
ments might help by ear marking a percentage of motor vehicles taxation 
or grants m aid for tlie widening of road crests fav ouring those local bo 
which likewise earmark a portion of their local funds for tlie same PU^Pf; 

An additional method of acluev mg the same result would be to ffivcrt 3 

portion of the funds now allotted for some steel bridging projects 

which steel 1. now very expensive or even unobtainable to simple earth 

work and turfing where road formations urgently need widening 

of purely earthen roads it would 
hhh fnr t Boards to force pneumatic tyred carts to u«e 

pnrthttork « tn nm ^ the end of the monsoon wherever extens 

doubt but that such carts make such 
As there 15 not traffic when under heavv 

rarv restriction shrtHi during the monsoon this occasional temp® 

Srt, ' «>“^dsh.p to the drivers of pneumitro tr«« 


I astly there 15 the 


question of taxation 
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In some pirts of Assam, winch IS the only province where local 
hoards tax carts, the fitting of pneumatic tj res is encouraged bj taxing 
them at a lower rate, but the Municipalities in the rest of India follow no 
such pohcj of encouragement 

Before closing this Paper I would like to stress the fact that I am 
personally entirely disinterested m the manufacture of pneumatic tyre 
equipment I strenuouslj ad\ocate price control and, if necesaarj, the 
state manufacture of pneumatic tjre equipment (g) 

The difiicultj is that whene\er anj member of this Roads Congress 
commences to ad\ ocate the use of pneumatic t>res, the strongly national 
non technical indi\ idual suspects such member as being personallj interest- 
ed, either from motives of personal gam, or as the result of some 
sub-conscious desire to help the foreigner” at the expense of the Indian 
national 

This gives me deep concern 

Could we not offer free membership to one or two influential mem- 
bers of the Ail India National Congress, the Muslim l,eague, the Indian 
Union of Local Authorities the Servants of-India Society, and such strong- 
ly national bodies m the hope of getting these bodies represented as 
strongl> as possible at our meetings ? This arrangement appears to be 
•Specially desirable when subjects like the present one, or ribbon develop- 
ment, safety -first laj out, and such matters which are semi-teclimcal, are 
Under discussion 

There is not the slightest doubt that their delegates, having mixed 
With our members and formed their own conclusions, would advocate full 
Support for the Indian Roads Congress which may then become more 
generally recognised for w hat it really is a good servant of India 

And now it is hoped that members will speak on this Paper and 
complete the process of ‘unfolding” this problem It is also hoped that 
such members will "make recommendations ” 

Let us not be discouraged by the knowledge that only the youngest 
of us can hope to see any substantial realisation of the low cost road ideal 
Most of us must be content with the thought that we hav'e done our best, 
by drawing attention to the steel tyre, to make it at all possible for the 
coming generations to construct the low -cost road 
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XPi’rNDIX OR XOTrS 


fj) Vr C/iufch!} s su^^esftou vt Ofscta} Docur'rU 

^xiraci Jr om 'The Siutesnnn' of dited Auguti^ 2 ()^o 

The Premier in inviting hn> coHeigues and nicmbeis oM-^ 
CvM^ Sen ice to save evervhodv's time and energv b' condensing ofto- 

leport''.... «Tvs — 

To do o»r iinrk. «e nil have (o and a ot pajior Thev 

nhtavs; too lon^ Thi- na fp« nme uhd rnfrv.v ha^ to Iv* «^nt 1 
<s intnl noinlN \II ^honh) fft that thfir aports m ‘■herttr 

'M tut tlu «n]» iH>ints jfj I stne^ of "hort tn-'p 'i ine ^ ^ ^ 

on dctiiJcd ainh «i' aiiiipUeataf factor^ or on “t Oi-tio thr'<- 
out lu flu Appendix 


^2) Extract of EesolttJtor: pJ the tfidinn Roads. Congress da^'d 
December. 1^40 

Till- Conca<-« con innlt'd 1>^ the hachtijr hiclnvai engineers 0 / 

\«vuts And Ichil hodie- throiifrbont India nml In the rcpa’-enHiia*' 
inijxirtant h)ghm\ con-iriKlion unf fran-jwrtntioii udca*<£‘' 

(e) IX hi u- tint III rural covd-i can Ic made 1'^ 

Oiih tht road t>»rf i«* hut al-o the it - 

vfhule- tlmplj o»»» ^ 


fd> C 


in3tl 
not I 


u. «na vvPna a ^ 
r (he whol' 


v.oinimttcc , 

Considers that the luni 1- ritvi for a complete rcrjeir of 1 
iXJ^iVion and tint cii h avRw le rt matter of NAtional * 

And to thi> i»d this Congre-s a\.»ramind5 to the GoTernment of Indn mta 

to prepare for an aiUijnue md proga-aive ro\d pohev after the tvir a LU'« 
be Appointed 

3 To txamme how far the -seel tyre i- an olitt lele to progrr«> 
vraj that obstacle can oe-t be OTerconte 


(3) Lox-cos/ ro td strr/ac€ 

A surface for modente trvffio that ntll cost Ie«s thau a 

open to traffic* exdudtug steel tvTsd tra® 
h^f »»clutles surfaces of stobilwed earth gW'* 
ttat can be monipnl^t 
tax or bitumen surfaces over a cheap ba<e couc-^ 

betvsS'n considered as a coiopibin* 
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(4) The commercial or professional cart 

That ^ Inch works ^\ithm and in the neighbourhood of towns 
and in connection w ith mills plantations estates etc in rural areas 
On nership is bj single carts or groups of carts by individuals or 
concerns There is always a consideration for the carting generallj 
monej 


(5) The agricuUitral bullock cart 

That which is individuall> owned b> an agncultunst who pays 
land cess and who carts his own or his neighbour s produce from village 
to village or ^ ilhge to market Practicallj no money passes The 
owner is w ithout readj finance and for the majoritj of the jear 
uses his bullocks for ploughing or purposes other than carting 


(6) Prejudice based on politics or lack of technical knowledge 

(a) Mr Gandhi in Harijan Maj 28 and June 4 1938 

m recommending 
ufacturcd in India 
1 nnd management 
» of the concerns 
11s in itself should 
se tyres for Tillage 
being fattened at 

Jlr Gandhi then goes on to point out that with the extinction 
of the traditional trade of the wheel w right and the impossibility 
of the artisans finding employ ment overseas many will starve He 
used the following very mot mg words — 

Is eren the httic crumb of bread which they hive got to day to be ena^bed 


purchased? The grim tragedy hvi been enacted in the case of many of 
01 nee ill It be enacted in 

tl the rum of a section of our 

o the use of pneumatic tyres 

fc can command 


It IS natural that such a stirnng appeal should influence many, 
d the follow mg quotations are ty pical — 

(6) Madras Mail — August 18, 1938 



»•- All India 
It on the 
had Knt 
id passed 
• mposed a 

■ Ihongh 

hem they 




76 


pArcw K— ^0 


(c) I^\trnct of a Resolution passed b\ the Sub Committee appomtrf 
b> the Caunpore Mtinicipnlity*- August, 8^ 1939 

‘ The of PtempUoii ui Inx on \ohieJc< ftUod mlh imptinnlic tJTO 1 

bi<iclf«s r - ^ • 

cannot be ctn ■> 

ronthUon of b 

thoii^'nuls of la ‘ ‘ i ,<«■ 

Contmitice opniLj U toe iJoiol ipiioultJ support Intlinn indn«ln anu | 
to extend ihcni It tliercfoa n-comtncfuH that no eonct^sjon in iai““ 
of thc^t 0 ros be nllon rd ’ 

iVo/c ^Yo git c Uiem their due, the Ca«npore "Nfunicipnht'V 

rcccntlj sanctioned the increase of inaximum a»^ 
pat load from 30 niaimds fi'ted for ordman buUocb carts 
70 niaunds for thoce fitted with pneumatic equipment 

(J) Bihir lAicaf Bodies Conference— Januarj , 19^0 
address of Maulv I "Mohanmnd Sajjad, who Itad recently occo 
Chairman, District Board, Saran 

‘The present Boards nrc what, lU common narlancc are called Confre 
Boards *’ 't'k - j 
from us 
13 in our 1 

A»iJ , __ . 

tyred bulL ^ vuih huuhi i_ ■ . 

jjCrsonal cspencnco in my o 
carts nre an ei en gTcatcr 
carts I hare found that £ 
tnaund'3 carrj ' ' 

2 tons and, as i • 

on the road 1 ' ' ■ 

carts map beta • • 

Since debt ermg this address, the Chairtnau of the Saran 
Board has had the pneumatic ta red buUoclv carts 
tolerablj wide crests of the Saran District roads and some P , 
tions hat e resulted The District Oflicer and the Supenuteo 
Engineer ndmsed against such a course 


(^) The remarks made by iMr S B Joslii on Paper J-39 
m the proceedings of the Sixth Indian Roads Congress Vol a 
luustcate the suspicion of exploitation bj foreign interests 

Manj other instances of prejudice based on politics and lack « 
technical knowledge conM heaven 


i Paper] '39 


of the Discussion on Papi 

cj the Indian Roads Coiigr«s Vaj y/^ December, zg39 

’ CT'snc daWM 

idiiie ihc I mm 
shaft? in ba 
Iicrcforc. ask 

t » gradml truisifioit from 
e hj first cneoHMiTinp ihc use of 


, In coi 
wane to roal 
Jinro suljsmu 
bearing* tre 
rt m»|Ut not I 


or by eleSs feSSd on turning the wheel out (0 Us fim'^hed diamctt 
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(S) Darhhattgi Dtstnct Board. Extract from Us proceedings dated 
March, 

* ^\’herttL« our Di-tnct Bounl Camisc ronds are not Avidcr thin 15 feet 
and that a loaded piicutnitic t\red cart if runmuf; m scncatull con'sidcribly 
• bloct the roadirar «o much ?o that the fast movin^ rehiclc tnfEc hate to 
wait for a conejdcmble time till the carts male war for them, ns al'O the 
* ’ , , 1 damaije to the road 

» It IS rcsoltetl that the 

■ d Seconded by Bibn 

As a result of this, pneiiinatic t\red <nrts are non forced 
down into the cart likh more or less at ground let el alongside 
the fornaation for the earth o]> bnch metalled crest 


(9) Extract from Proceedings of the Indian Roads Congress Vol. VI 
Paper No J-jgbyMr IT f 1/nrrc// 

In ca^c u might be objected that the wide>;prcnd adoption of the 
pneumatic t%re would be plajiiig into the hands of private \o«tcd interests, 
' ic of undcrtalving the 

on a 1 11^ '!cale, they 
CO"! price pneumatic 
s>ity than, say, water 
innte entcrjin^e alone 
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CORRESPOXDnNCn 
Comments by Mr I. N Mehta (Multan) 

I ha\e been tr\ing at Multan that the professional cartmen should 
change from <teel t% red carts to pneumatic U red carts The cltflicultics 
and prejudices that 'tand m the uav of the u^c of pneumatic tyres, mspitc 
of the preferential treatment «honn at Jlultan to the pneumatic tyres, 
are gi\en beIov\ for the information of the Roads Congress 

As a first incenti\ e to the u^e of pneumatic t> res. I suggested to the 
Multan Afunicipal Committee in Afarch 1936, to exempt all carts fitted with 
pneumatic ti res from the pay ment of laccnse Tec (Rs 3/- per annum) and 
M heel Tax {Rs 3 - per annum) At that time the Committee considered my 
proposal impracticable but later on they sav\ my Mew point and resoUed m 
June 1937 that the carts fitted with pneumatic tyres be exempted from the 
payment of the Licence Fee and the Mheel Tax for 3 years After the 
Re«olution ^as parsed I tried to persuade several of the professional 
cartmen to change their carts promising them that more facilities will be 
granted The initial cost of pneumatic tyIes^^as considered by them 
prohibitne and they did not like to make u‘e of the concession offered 
by the Committee Later on, I issued the instructions that the con- 
tractors uho suppiv ballast and on Municipal Roads, shall hate to 
transport it by tehicles fitted nith pneumatic tyres The contractors 
used motor lorries for their tran'iport and the desired result of getting 
pneumatic tyres fitted to some of the carts was not attained I thought 
of another scheme to persuade the cartmen to use pneumatic tyres, I 
approached the Committee to allow the carts fitted with pneumatic tyres 
to carry loads one and a half times the load permissible under the bye- 
laws This the Committee did and within six months of the Resolution 
of the Committee about 10 per cent of the carts were fitted with 
pneumatic tyres There is a great prejudice m the minds of the cartmen 
that the tubes often get punctured Moreoi er, they do not feel at home 
while drnmg these carts They eien fail to learn, how to pump air m the 
tubes 


I also persuaded the Committee to fit some of the Municipal con- 
sen ancy carts with pneumatic ty res This was done and I found that the 
usual labour engaged for draw ing carts was so much ignorant that they 
used to break pumps xery often while pumping air in the tubes Very often 
It wa«* found that the pre*-' _ 1 . 

than m the other. They ■ ■ 

matters x ery much Late 

to see that the pneumatic equipment of carts is kept m good condition 
I must admit that the labour does not feel at home while using pneumatic 
tyred carts and that is why the contractors also feel shy of using 
pneumatic ty res I asked some of them to hax e solid rubber fitted on 
their carts, as is done in the case of tongas This they have done as the 
cost was from Rs 20^- to Rs 30/- and they seem to be satisfied except that 
they complain that the rubber does not last for more than 6 months I 
think, the cartmen, who baxe one bullock carts, can be easily persuaded to 
tise ^olid rubber tyres if some kind of tyre is specially manufactured which 
would last for about a xear or so with httle additional cost In a 
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t\iO bullock cart, the solid rubber tjres will wear out too soon and tie 
poeuraatic t^res are the onlj solution 

I Iia\e got one more suggestion to make and that is that we sioaU 

approach the Societj for the Prevention of Cruel t> to Animals that thy 
should encourage pneumatic tj res as the animals /eel much more comfort 
able while ph ing pneumatic tj red carts than iron t)red ones They mV 
advance loan without interest for the purchase of pneumatic equipment 
give prizes annually and do other things to encourage the use of pneumatic 
equipment 


Reply of Mr W L'Tilurrell, 0 B E , (Author), to the above ComiaanB^ 

Mr Mehta appears to be fortunate in having had good backing from 
the Multan Municipal Committee 


Doubtless, the most important point brought out by Mr 3fcbta is 
that by far the most effective method of encouraging the pneumatic tyr 
IS to allow carts fitted with such ty res to carry loads greater than tno' 
allowed to steel tyred carts Conversion of lo per cent of the carts 
the Municipality in six months speaks v olumes 

It IS suggested that contractors for Municipal road metal 
not get any concession for nsmg motor trucks especialb where there 
a high percentage of water bound milage Carts with pneumatic tyi 
only should be given concessions as motor trucks do a lot of damage 
water bound surfaces 


The difficulty of tyre inflation can be overcome by enlisting the a 

1 _ , jgj. good cause PJ 

tvted carls 


stauons to give sudi free serv ice 


Mr Mehta s assertion that solid rubber ty res wear more 
than pneumatic tyres in two animal carts is interesting This 
to be due to the side to side or yawing movement of the animal:, as m J 
proceed This movement causes the tyres to screw into the r 
surface The flexible walls of the pneumatic would take up a good 
of the screwing movement and hence there would be less wear m 
case of the pneumatic tyre This pomt is for consideration when study 
wg the proposed compromise ty pes of ty res 


As regards approaching the Society for the Prevention of Cruelty 
Ammals with a view to getting that association to popularise the 

not generally feasible The difficulty 
*«»tiate legal prosecutions and they must 
that they are financially interested « 
pros«:ul.ng .. to force U.' 


Comments by Mr P v Chance (Central Provinces and Herat) ~ S 
Department showed that there 

mcFudi^gSrecia^^^^^ The annual cost of rubber ty 

mg depreciation and mamteinnce is not likely to be less < 
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Rs 25/- per cart or Rs 2 61 crorcs for the carts in the Central Provinces, 
a sum uhtch is eonsidcrabJv more tlian half the total revenue from all 
sources If 10 per cent of tlie carts are fitted rvith rubber t)res, the 
annual expenditure would be Rs 2S labhs Ihc cost of maintaining all 
the roads is Rs 22 6 lakhs of which roughI> one third is spent on repairs 
to bridges and cuherts maintenance o! bungalows, and miscellaneous 
repairs and two tlnrds or si> Rs. 15 lakhs are spent on renewals of 
toad surfaces 

It IS obviousU irapo'^sible that the cost of fitting carts with rubber 
t>res can be met from s3\itig on road maintenance, at least in the Central 
Provinces If there are pro\mces more favourably situated, it would be 
of interest to see calculations showing the financial advantages of fitting 
tjres and perhaps the author maj supply them Possibly the most 
contmuousl) emplojed professional cartmen are those working for con- 
tractors and I agree with Mr Murrell that contractors do not consider 
the fitting 0! rubber tjres to carts an ecouotuy They arc quick enough 
to adopt — *• ■' — A .^ijs They will use lorries 

and will ■ petrol, diesel and charcoal- 

gas engir res on carts because they 

do not think it will pay them, and I have no doubt they are right 

There are other directions in which progress on the improve- 
ment of roads is possible and I should be sorry to see the Roads Congress 
pin Its faith only to rubber tjres. I do not desire to criticise the 
"compromise ‘ tyres and "composite'* wheels winch the author has 
evolved They have not been tried and as the author states that they 
are not suggested as serious rivals of the pneumatic tyred cart with roller 
bearings, it is not clear why they should be tried 

Reply of Mr w Murrell, o B E , (Author), to the above Comments 

The last sentence of Mr Chance's remarks clearly shows the rather 
peculiar attitude he has adopted 

When It was stated that the cart with the "compromise” tjre or 
‘composite ' wheel could not be considered as a serious rival of the cart 
With the pneumatic tjre and roller bearings, the avenge reader surcl} 
understood that the comparison was on the sole basis of excellence as a 
vehicle Of transport without regard to cost 

If Mr Chance had read the whole of the paper carefully, he would 
have seen that the author had suggested the ' compromise" and "com- 
posite" types for very extensive use indeed, vtde the foot of page 67 and top 
of page 6a 

I now continue the reply m the hope that mj critic Is not among 
those who will not see * 

Presumably, Mr Chance, like several of us, places the professional 
carts at about 10 per cent of the total number 

Whereas the example he takes assumes that all professional catlH 
are to be conv erted to pneumatic equipment and roller bearings, I have 
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=l.o..d be comerted 

tKM eq",pLt. ‘“7,1 

or a.e"."‘t;‘;“ «- Cbeece bas „a.„ ....a .be eb.ed pe,e. 

™ugh., .7p“opVr;“7,o'‘,L7arag:7e “JuM d”ro‘',h;,!;““'‘' 

nals annually in the“centraIProu^,',7‘““'““P°“‘^ road .nrface reae 

profess, onal carters 

(») ^lad the contention is 

the abo ,H reduced maSenn ^ “ fair share of 

abolition of the steel tjre costs nhich uould result from 

S”nort£{7'TP“'™“^^^^ y“ 

of the eaui^J^ ft is chipfiy carts because they 

for "'fiere cartine s "" Question of finding the price 

Mr EfTi becomfs and the nionej 

conversion is fairJ> npid 
IhnowofT nith Quote the case of dozens of 

ue fleet of over 70 such car^s pueumatic tjred carts 
CommentF by Mr m «„ 

Hrareall erry, 

tbe (art 'that“ae‘har‘“‘^'^''''‘^^?s 7011 ^ 77 “,°” nn.tinng )'>■' 

^'b^P^mtT\o%' “ °‘'' '“p7o/“[tem T ^ “’■°‘°‘'= tKme Sy Pord 

'-‘■".des,gn. arr““7r 7 ^.rTbf^od^S^rS tlfe 

^ 'The rnodificattrin 

J7thl7y'“"'-S°l7ha7y‘' 

fenrn»^«'^»y”^®“ to chance would not be too much 

S ''ith the existing desicn^ design VMthout inter 

® The modificatiny, t. 

workman available m the^tillagf 

^fllag'Jr proposed should be ea 

oc easily accessible to the 
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4. The cartman should knon* that the proposed dcsigD is more 
advantageous to him. 

5. LastI}*, and the most important of all, the proposed design 
should contribute towards the improvement of the 
rupee ratio which is the main object of the Indian Hoads 
Congress. 

Let the above points be considered in relation to the proposed 
design, vide drawing facing page yji 


‘ ■ It i:ow u»ed 
■ is th.it the 

■ ■ wket nlirady 

rolled as such and the blacksmith jiMt heats it and svinrN 
it round the rtni of the wheel. Also, the ovctall width of 
the tyre is about two inclics bent, as shown in the drawing, 
to receive the rubber treading, while four inches width 
is proposed for the bullock cart wheel. 


2. Local enquiries have shown that the proposed section can 
be made by an average blacksmith by bending the ordinary 
steel plate of six inches by quarter of an inch section ; but 
the making cliarges are reported to be neatly four \inw% 
the charges for the existing type. These making chaif'cs 
can be reduced by supplying the blacksmith W’itli the four 
inches wide section already rolled in the mills just os he {$ 
getting it for the jutka wheel tyres. 


3, ‘ When the villager is getting a section for the jfiika, there is 
no reason why a similar but a bigger-siaed section cannot 
be made available for the bullock cart. The bitujr^ c* 
molasses is easily available to the villager. ' * **' ‘ 


4. The wdiole success of the proposal revolves rim:'* t'' 
and it is a serious question how the 
adopting this design. Two methods 
page 7 ^ “ 

some P 
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merely suggested that some of this lo per cent should be coavertel, 
vide (a) at the foot of page 67^ 

Again, Mr. Chance should not have taken Rs. 25/- per cart, hutttf 
diflTerence in cost of maintaining the pneumatic-tyred equipment and of 
maintaining steehtyied equipment. 


Mr. Chance’s figure of Rs. 28 lakhs is, therefore, a very grave exagg^ 
ration. 

But it is suggested that Mr. Chance has really missed the chief point 
of the matter. 

The point is that the person, who uses the roads, should pay forthto 
roughly in proportion to the damage he would do to them. 

Mr, Chance states that Es. 15 lakhs are spent on road surface rene- 
wals annually in the Central Provinces. 


I stand to be corrected when I state that the professional 
pay comparatively very little of this Rs. 15 lakhs, and my wnteation 
that if professional carts had the equipment, mentioned in para ^ 
(ti). {Hi) on pages 67-68 of the Paper,' they would be paying a fair 
the 15 lakhs or of the reduced maintenance costs which would tesuiti 
the abolition of the steel tyre. 


I am afraid that I must disagree with Mr. Chance’s assertion that 
contractors will not put rubber (pneumatic) tyres on carts because 
do not think it will pay them. It is chiefly a question of finding 
of the equipment. ^ Where carting is done systematically and the 
for pneumatic equipment becomes available, conversion is faidy ‘ e 
Mr. Mehta has stated an example. 1 could quote the case of “ 
concerns caning sugar cane with large fleets of pneumatic-tyred ca 
I know of one fleet of over 70 such carts. 


comments b, JSIrrH. Gnana HSllTilUciOTj).-'; 

, really a problem to suggest any modification for 'aQytb*oS_ 

the Steel-tyred bullock cart which has evolved to its present design ’ ^ 
model car every year since the time Henry ^ 

0^ attempting something better every P 
• .?°**^®* be considered in connection with the modification 0 
existing design, are as below 


The modification proposed should. - as far as possibl « 
limited to the minimum so that it would not be too 
lor the cartmau to change over to this design without »u 
fenng with the existing design. 

should be capable of being effected by 
workman available in the village. 

^hager proposed should be easily accessible to 
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4. The cartmaa 5 Mu 1 J Inonr that the *' 

advantageous to hjci 

r La«Uv and the iron inportinl of all. tl c rror<;e;J ?n 
tbould contribute loivards the inpro\etncn. 

rupee ratio which IS the mam object of the Inuiaa Koads 

Congress 

Let the above points be conMdcfeO in relation to the propc^cd 
esign, nde drawing faang page 77f “ 

I. The proposed design is onl) an cxtenMon of that now u«ed 
for Uie uhcels The difference, hotter cr. is that the 
urc for «hccl is obtaimble m the nntUt already 

rilled as such and the bhchMiiith 1“*^ l’*^^** and winds 
It round the nm of the wheel Also, the otcrall width of 
■ ■ . 1 . Oiown in tlie drawing, 

j Ic four inches width 

IS pi , 


Local enquiries ha\e shown tint the proposed «cction can 

be made by an average bhcVstmlh by bending the ordinary 
steel plate of ^iv inches by quitter of an inch section ; but 
the niahing charges are rejiorted to be nearly four times 
the charges for the existing tj pc These nnhing clurges 
con be reduced by suppl>ing the hlicksniith with the four 
inches wide section nlrcidy rolled in the inllls ju^t as he xs 
getting it for tlic julKa w heel t> res 


3. When the Mlhgcr is gelling a peclloii for the )U‘kj. ihe^e xs 

no reason why a siiiiilir but a biRKcr»sireil «ectica ca.u.u~t 

be imdc avnllibh for the bullock cart. TheLtumescu’ 
mola»»es is easily avaihble to the \ilhger. 
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merely suggested that some of this lo per cent should be convtrK 
vide (a) at the foot of page 67. 

Again, Mr. Chance should not have taken Rs. 25/* per cart, hot fe 
difference in cost of maintaining the pneumatic-lyred equipmeot and ct 
maintaining stcel-tyred equipment. 


Mr. Chance's figure of Rs. 28 lakhs is, therefore, 0 very grave exass^ 
ration. 

But it is suggested that Mr. Chance has really missed the chief poi-*^ 
of the matter. 

The point is that the person, who uses the roads, should pay for thasi 
roughly in proportion to the damage he would do to them. 


Mr. Chance states that Rs. 15 lakhs are spent on road surfa<^ ^ 5 “^ 
wals annually in the Central Provinces, 


I stand to be corrected when I state that the professional 
pay comparatively very little of this Rs. 15 lakhs, and my conten 
that if professional carts had the equipment, mentioned in J 

(ti), (ttt) on pages fiy-GS of the Paper,' they would be paying a fair ^ 
the 15 lakhs or of the reduced maintenance costs which would res 
the abolition of the steel tyre. 


I Chance’s 

contractors- ■ ■ ■ ■ tyres on carts bec^ns 

do not think ■ ■ . _ question of finding 

of the equipment. Where carting is done systematically ^nd the 
for pneumatic equipment becomes available, conversion is lamy 
Mr. Mehta has stated an example. I could quote the case of “ , 
concerns carting sugar cane with large fleets of pneumatic-tyreo 
I know of one fleet of over 70 such carts. 


Comments by Mr. M. Gnana Maui (TelUcherry). '' j 

It is really a problem to suggest any modification for unyth|”'»^ 
the steel-tyred bullock cart which has evolved to its Present 
the fart, that we have a new model car every year since the time ^ 
made h:s car, gives one the hope of attempting something better evW 
The pointe, to be considered in connection with the modification 
existing design, are as below : 

1. The modification proposed should,, as far as 
limited to the minimum so that it would not b® to 
for the cartman to change over to this design withoU 

, lenng with the existing design. 

2. The modification should be capable of being efiected by the 
workman available in the village. 

villa^r proposed should be easily accessible to 
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1' tlia jute rope saikcd in molasses 
nncl pressed into position 



wooden rim of 
tlie wheel. 
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possible if the grants for the road maintenance proper m 
be reduced by designing a less harmful tyre for tfe 
bullock cart. 


5. A glance at the drawing on the opposite page will stow to 
the sharp cutting edge of the steel tyre is avoided by 
rounding the edges and filling it up with soft 
Also the bearing area is increased by hundred 
there is less scope for the earth roads to be cut up into P 
tracks which make them so unfit. On the fca . 
these ''compromise” tyres cause an ironing effect on 
earth roads surface. If the tyres can be good ea 
roads, they can certainly^ save the metalled toads as 
the Road Engineer wiirbave achiev£d much. 

Reply of Mr. W. L. Blurr&il, o^B.E., f Author), to the s 


I suggest that Mr. Gnana Mani's opening 
attitude of mind we should all attempt to preserve and, m tnts 
tion, it may be observed that the proposed super-broad woo 
has already been called the "balloon wooden tyre”. 


Rlr. Gnana Rfani's design is certainly a contribution to the solutic , 
and is very W’elcome. 

The section, 6 inches by J inch or even 6 inches by 3/16 for 

be mass produced and put on the market just as in the case 
th&jutka wheel, or it could possibly be made by a competent bla 
The skill, which many village blacksmiths exhibit, is surprising. 

The increased cost of this tyre would not be so very 
disadvantage if it were given preferential taxation, or if its ^ V 
were subsidised. The cost would be very small compared with 
pneumatic tyre equipment. 

Rather a severe disadvantage would be its weight, 
three times the amount of steel, or about twice the amount if n 
to 3/16 inch thickness. 


Each impregnated rope would really need a flexible or 
w'ire core or something to keep it from coming out of the 
ropes would stretch considerably when subject to continual * 
pressure. 


It would also be necessary to have some focal aui.uvn».-j -- 
guard that the ropes are changed, not only for the sake of the 
surface but ahn inr 


local authority to sa«* 
were 


o— -- ...vv ...... aic cnangeo, not onjy lor r..- 

surface but also for the sake of the cart owner. If the ropes^ i’'*-* 
to wear considerably, the curved edges would soon cut 
ad, and they would themselves wear thin and become distorted, * 
necessitoting expensive replacement. 


It might, 
men and J-inch 


of course, be possible to give the worn ropes a coat of 
Chips, or some other treatments to make up for wear. 



Counter SunV 
IMvh X*-o*. 


wooden rim of 
the wheel. 
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With a 3 inch felloe and 7 inches by 3/16 inch steel section, •wecodi 
have a 5 inch t> re which would do w ell on earthen roads 


I do not think the design is suitable for bound macadam or . 
treated roads onmg to the two curved metal edges which won Q 
become proud on such surfaces and then, not only become datnag > 
also mflict damage on the road 


Concluding remarks by Mr. W. L Murrell, 0 B E„ (Anthor/ ' j 

There ba\ e been a few developments as regards the compfo®^ 
tjre '^mce the Paper was written 


Enquiries were made from the rubber t> re id 

solid tjres could be built up on galvanised iron and 

Plate I facing page 6S, of the Paper, usin^ with 

rubber solution The Company was enthusiastic but 
important war work to do the nece'^sary detailed investigations 
this the rubber solution w ould make the wheel rather e’rpeusi 


A sugar expert was consulted as to whether molasses ^ 

to give a stick>, plastic matenal for use with countryman ^ 
Correspondence shows that, the difficulty is to get a ® 

molasses compound In this connection may he tean , ^ 

^ Experiments on the Alannfacture of an Insoluble Road Compos ^ 
Molasses , Proceedings of the 5th Annual Conv’^erition (r 93 h) 
Technologists Aesocntion of India 

It IS lUst possible that something may be done with a ^y 

compressed jute and resin but this possibility has just co 
notice 


It IS in the matter of the broad wooden or ‘ balloon* woodeU 7 
that actual progress has been made 

The Indian Road Congress having assured assistance to the 
of Rs 200/ for the actual construction and testing of broad wooaen 
a start has been made on T>pe A vide Plate III, at the end 


The idea is to use the ordinary wooden hub and spokes as turned 
out b> the v lUage cart builder, vide figure 3 Plate HI 

Two flange rings figure 3 ate made hy the village blacksmith ^ 
SIX pieces of wood for the ty re figures i and z, are made by the 
carpenter, for each wheel 


The spokes are housed m notches cut m the sis pieces of ^ 0 °^' 
the wheel is held together bj the two flange rings and bolts It ‘S re»“y 
a vcrj simple arrangement and far less complicated than the pfCseot 
wheel with Its SIX sections of /ehoe and 4 spoke w edges and one dowel 
piece for each of the six sections, to say nothing of shrinking on t 
satamc-steel l> re jo 
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^ inches by 3/16 inch steel section, vre cooM 
n 5 *mch tyre which would do well on earthen roads. 

design is suitable for bound macadam or saiiatt- 
bprrtm- to the two curved metal edges which wouH qci^F 

t surfaces and then, not only become damaged, b«t 

also inflict damage on the road. 


Concluding remarks by Mr' W.L,MurrVn,03,E.,(Am^^^^^^ ^ 

K-ra u few developments as regards the “cofflpromKe' 

re since the Paper was written. 


sniw made from the rubber- tyre interests as to whetfeef 

Plate T ^ up on galvanised iron wire cores as 

rubhpr Paper, using con ntty-made fabric a>id 

imnortanr Company was enthusiastic but too engaged 

this the necessary' detailed investigations. Besdes 

ru her solution would make the wheel rather expensive. 

to consulted as to whether molasses could be ^ed 

Corresnonrl/ni'^^^ h material for use with country-made 

mSet ^lnSJ r t^^^th^ifficulty is to get a truly noa-solaWe 
“Wv-MA ■ mpound fn this connection rnav be read the 

Mola5s?s'^^Pro?^lH Slanufacture of an Insoluble Road Composition fui^ 

comprlLed something may be done with a compoand of 

notice. jute and resin; but this possibility has jnst come 


ttatacUalpragrSsISbeVnM^^^ 

of Rs 2oo;-'foftlj?artua!°J^®"^*^ haying assured assistance to the es<®‘ 
a start has been made nn testing of broad wooden tjre < 

on lype A, vid6 Plate iri, at the end. 

out by the Wooden hub and spokes as turned 

^ figure 5 Plate III. 

sis pieces of ■wood J* made by the village blacksmith ^ 

carpenter, tor each and 2 . are made by the vi«ag« 

tUc wheeU?heia?2e^j2“®'^ ‘“ notches cut in t^ SK pieces of wood, 
tuil ?;?P'= ''"oVaent Inrf r ^,“8= '“6s and bolts. It & 

S/iS 7'“'“’*'® sectbns >«s complicated than the pie'“‘ 
of the ,i,v =■■'1 4 spoke-sved^es and one dowd 

atamc-steel tyre. ' ^^^tfons, to say aothiog^ of shrinking 00 the 
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Variations are being tried, substituting small 3/16 inch angles 
for the flat iron flange rings, with the idea of supporting tlie sides of 
the tyre and so enabling the wooden tyre to be made thinner and 
lighter. 

12 bolts instead of 18, and lighter bolts arc to be tried with a view 
to saving in cost and weight. 

The design in Plate III is for carts for the larger bullocks such as 
one sees in the United Provinces and north-west Bihar. For north-east 
Bihar and western Bengal, the external diameter of the flange rings 
would be 3-6" or even 3'-o", the width of the tyre being reduced 
from 6 to 5{, or even inches, to suit the smaller bullocks in the 
latter areas. 

It is natural to presume that the type of wood required for the 
wood tyre must be cheap, and it must be tough and resistent to wear. 
Hardness may indicate toughness but not invariably so— as is the case 
with road metals, tightness of the wood is a consideration 

In North Bihar, sissum or sissoo is generally used. 

Nevertheless, it is hoped to try a really light and cheap wood such 
as mango or simul. 

We know that in the running of a grindstone with a steel axle in 
wooden bearings, the steel wears more quickly than the wood and it may 
be possible to apply this principle to the cart tyre. 


A very soft wood tyre might be toughened considerably by making 
transverse saw cuts 1/4 inch deep round its periphery, and impregnating 
the wood with the correct bituminous compound Or the periphery 
might be holed with many but shallow holes which would carry bituminous 
compound. The idea in either case is to make the tyre pick up and 
retain gritty material from the road, or given to it by hand, in the same 
way as the wood of the grindstone bearing picks up and retains the grit 
coming from the grindstone. 

It is hoped that sample wheels which have undergone trials on 
different kinds of road surface, or at least photographs of the wheels, 
along with a description of the trials, may be put before the next meeting 
of the Roads Congress. 

It has been suggested that testing might be done on the Test Track, 
but the comparatively sharp curvature of the ends of the track would 
play undue havoc with a wide flat tyre. There are very few roads where 
the ratio of length on sharp curve to length ou straight is anything like 
so high as it is on the Test Track. 

A point about this new type of "compromise” tyre is that it can 
fitted to the ordinary’ cartwheel simply by cutting the felloe away 
using two light flange rings. 

r 
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fcolt^ 


Figure 1 ‘^how«i hitclied the ‘^leel t\re and portion of 
felloe cut av\a\ from the ordmar> bullock cart 

Figure 2 ^hous a 'section of tlie wooden * balloon” tvre to ^ 
fitted It Ins Its central flinge cut a\v^^ to , 
lenninmg felloe 'how n in Figure i TheMll'^S^” 
vrnght can ea'il\ do this 

Figure S 'hows the a'*embl\ with two flange ring'- (•'how n dotted^ 

Thc'-e flange rings need onl\ be \ er\ light a' * ^ 
between am two "balloon” t%re section' will 
]oiut with the joint between am tw*o felloe 
The flange rings need, therefore, be onh strong cno 
to keep the balloon sections on to the wheel an 
place latenlK The\ will not take ana bending m 
\ ertical plane 

So com er'ion is feasible utilising the ma'aamuni pos-ible of 
inrrtenaU of tlie old wheel E\ en tlie steel tare could be cut, straighttoto 
ana then made into a flange ring 


It should be mentioueti that this particular tape of tare »s apphe^^ 
onh to tlie tape of wheel wliere the S or 12 spokes con^i't oMf/ 
pieces of wood dnaen right through the hub, and moreor Ie>s 


India It ^‘dela ii-^ on bullock ^tt'^ 

rtuif rudialTnd European wheel where the spoke. 

the hub ^ ^ staggered, tapered lioles. cut atourd 


This 
on. along 
housings 


Wirtf rtquites a steel band of 'ome sort sliru''^ 

^tth the felloe, to keep the spohe- well home m their huh 
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To achie\e an equualent arnngcjnent it \m 11 be ncccssarj to 
place the <ectious of balloon uooden tjre not between tv\o flange 
nngs as shown abo\e but between the flanges of a light steel channel 
bent to the «ame circle is the flange ring 

The spokes are to be driven sidewajs into the interior of the 
channel ring against wedges and held there bj 1/4 or 5/16 inch U bolts 
as shown in the sketch below 



riat Iron Cleats 
nvetted to Channel 
Ring 


U Bolts and Isuts 
to keep the spokes 
in place in the 
channel ring and 
tight m their hub 
housing 


Finally it is hoped that all members of the Indian Roads Congress 
realise that there will be a prize or honorarium of not less than 
Rs 300 for the current year and for next year also for the most 
practical design of bullock cart wheels or detachable urns to reduce 
the destructive effect of bullock carts on roads The competition is 
open to the members of the Indian Roads Congress and to the public 


If these closing remarks on the Paper should prove of assistance 
to the prize winner for the current or for next year he will be very 
welcome to them 
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PRIMCRS, THniR NATURi: & USRS 
By 

N. Das Gutta u.c , c e , 

Roads Et:stfieer, Slaudard-Vacuum Oil Company, Calculta 


Introduction In recent j ears Primers have attracted the attention 
of Road Engineers of India There are, liowever, t«o schools of thought 
regarding the use of Primers — one \\hich behe\es that Primers should be 
. r are not at all 

■ ■ ■ ■ isufficient study 

■ ■ ■ ' .. classes of sur- 

faces The object of this paper is to describe Pnmers required for different 
conditions and to enumerate the circumstances under which the use of a 
Primer is an advantage 

Quite recently some expenments have been conducted with the 
principal tjpes of pnmers available in India, and some observations have 
been recorded regarding their action under a particular set of conditions 
It should be noted that this action will vary with differen*’ localities road 
metal, nature of sub soil, weather and climatic conditions and that vary- 
ing results will be obtained under different rates of application, blindage, 
time allowed for penetration and also from traffic conditions 

Composition of Primers. A primer should necessarily be asphalt or 
tar dissolved in a volatile solvent By varying the percentage of asphalt 
or tar, pnmers of different viscosities are obtained For different condi- 
tions, primers having different viscosity limits are suitable Also by vary- 
ing the solvent, pnmers having different curing properties are obtained 

As the object of the primer is to penetrate into the road base, only 

medium i ’ ' \ used for this 

purpose alt with later 

Also by \ . primers having 

the same viscosity limits will be different The choice of a primer depends 
on local conditions 


Necessity of Printers Pnmers are generally required in cases where 
straight surface painting with a binder of high viscosity is not advisable 
The fnnction of the binder IS to waterproof the underlying base and to 
hold the stone diips of the cover coat firmly together To develop ade- 
quate binding strength, the film of the binder, within recognized limits, 
should necessarily be thick Usually straight asphalt or cut back asphalt 
or tar of relatively high viscosity is used as a binder None of these bind- 
ers can penetrate into a waterbound macadam successfully, in view of 

79 
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inherent high \ iscositj On the other hand they only form a mat on tlie 
surface 

Good hard stone metal \^hen properly consolidated interlocks to 
form a firm base and the super imposed load is efficiently transferred to tne 
suhgrade Provided the stone metal is hydrophobic » e it has more am 
nity for asphalt than for water a carpet obtained by surface pamtiog "lU 
strongly adhere to the base and will be quite satisfactory up fo certain 
traffic conditions 

(i) With an inferior stone slag kankar htente broken brick etc 
considerable crushing of the edges of indmdual pieces of aggregate takes 
place during consolidation If the road surface is cleaned by retami^ 
all dust and particles of road metal the mechanical interlock uili w 
appreciably disturbed If on the other hand these particles of ^ 
metal are not removed they will be coated only on the top side by t e 
binder application and w ill be a source of weakness to the surface pamt 
ed carpet Under traffic cracks will ultimately develop on the carpet one 
to poor support at points of contact of the metal of the ba'e 
which w ater w lU enter breaking the surface painting bond and weakenmc 
the water bound macadam thereby accelerating the destruction 01 t e 
road 

Whereas if a suitable primer is used the loose particles 
thoroughly coated to the extent of the primer s penetration and a ^ 
curing will provide a firmer support for the super imposed carpet 
the primer will strengthen the waterbound by virtue of its penetrative a 
binding properties 


(2) In the case of dusty aggregates such as kankar 
Htente etc a primer can absorb the surface dust and can even penetr 
into the metal itself Application of a primer in such a case will resu 
in better adhesion of the subsequent binder on to the metal of the W 
Using a heavy binder without priming adhesion will be unsatisfac 0 
and peeling of the carpet will most likely take place 


(3) In laying premixed carpets less than two inches m 
tack coat IS generally specified A pnmer would be a more suitaoK 
materral than a heavy binder for the following reasons — 

(а) A primer by virtue of its penetration will increase 
effective depth of the carpet as the penetrated depth ' 
be cemented to the carpet and making the whole mote 
resistant to the action of traffic 

( б ) With a heavy binder on water bound surface the 

of application w ould necessarily be heavy Under tra i 
the surplus bitumen would be squeezed into the top 
carpet making it over nch in bitumen Corrugations 
bleeding would ultimately occur If on the other hantt 
a pnmer IS used for the tack coat the water boiwa 
will absorb It leaving a thin sticky film on the surface 
for tacking to the carpet to be laid 
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(4) For roads Inving subsoji of litgh capilhntj application 
of a suitable primer is cffcctne m chocking the ri<o of subsoil water 
For this purpose a \ er% Ihm and slow curing primer should be used 
Best results would be obtained b> applj ing the primer on the sub grade 
before la) mg the stone metal 

Reference 111 a) be made here to a method ongmallj suggested 
b) Mr C D N Mcarcs for arresting subsoil moisture The method 
described below i» suitable for re sectioning as well as for original 
construction of tlie water bound course 

(i) Dress the base to proper grade and camber 

(<«) Spread the blinding material required to fill up the 
voids of the macadam on the dressed base Usual!) 

I 4 inch thickness is required for e\ cr) inch thickness of 
the waterbound 

(ill) Add water and a slow curing cut back asphalt to make 
a slurr) 

(m) Isow spread the metal and roll 

(t) Water and roll until the slurr) works up to a point 
1/2 inch below the surface 

(iij Spread sand at 3 cubic feet per 100 square feet and 
roll 

(tji) Allow the road to dr) for about a week 

^tiii) AppI) a medium curing primer cut back asphalt and open 
the road to traffic after i. to 24 hours 

(ir) Appl) the second coat with a heavy binder within a 
period of 2 to 6 months 

Other cases where the use of a pnmer is an advantage if not a 
necessit) are enumerated below — 


/j) Id extremely cold climates such as hill stations or durinjr 
winter months original painting with the usual types of binders often 
results in heavy applications due to increased viscosity or lowered 
penetration at lower temperature followed by bleeding and corrugations 
in summer 

In such cases a primer of low \ iscositv used cold can easil) be 
spread at the desired rate with or without sand blindage This 
would facilitate the spreading of the subsequent binder at the desired rate 
Though the total amount of bitumen may be more than that for a single 
application of a binder yet there should not be any bleeding as the 
water bound base would absorb most of the pnmer applied 

(6) In the case of grav cl roads there is not the same mechanical 
interlock as with waterbound stone metal In surface painting such 
roads if vigorous cleaning is done before hand the gravel particles will 
Work loose and the painted carpet will lie over a rocking bed m 
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behaMour of thL<: and other cold primers vnll it is belie\ed be included 
m the Report of tlie Technical Sub Committee to the Council 
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Some Engineers are m fa\our of using road oils for priming purposes 
But the objection to their use as such may be ev ident from their coraposi 
tion and the method of their manufacture As I ha\ e alreadj pointed out 
at the last session of the Congress Road Oil or Residual Oil is obtamed 
from fractional distillation of crude petroleum or crude oil as it is com 
monly called after the lighter fractions have been removed It is tlicrc 
fore a combination of asphalt and heavy oil whicli is non volatile at 
ordmarj temperature whereas cut back asphalt primers are nnniifactiir 
ed by dissolving asphalt principally m light volatile solv cuts It nn) 
thweloie be appreciated that xesidnat ods are neccssaTi\> sW cr curing 
materials than cut back asphalt primers Also they cannot penetrate ns 
deep as a medium curing cut ba^ asphalt in view of the higher viscosity 
of the heavy residual oil contained m them 

When a cut back primer is applied on the road surface it rcndllj 
penetrates depositing its asphaltic contents almost evenly tUrouRhout 
the penetrated depth the volatiles being absorbed bj the ittulerljing 
fines 

The evenness of penetration has been noted upon taking up simj les 
after treatment for test and is also shewn from laboratorj tests menti iticil 
hereafter earned out b> Mr W H Foushec Jr Bitumhioiis Ivii} iiicer 
North Carolina State Highway Commission USA 

With slow curing materials such as road oils or rrshhiil oils then, 
is little evidence of differential absorption and tilt result Is the fitiiut 
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of a somculiit “^oft or ‘ 5 pong> Ia>cr of treated material on Ihe surface 
In the opinion of Mr W H Wood, I'ngineer of Materral and Tests 
Tevis Uightta^ Department, USA, *'lhis spongy layer defeats the 
function of tlie primer winch yvas to harden the surface as y\ell as to bind 
It together," vuh Ins paper presented at Eleventh National Asphalt 
Conference Memphis, USA, December 1037, Pubhbhed by the Asphalt 
Iii’jtiLute New York 


In view of its containing a relatively high percentage of heavj oils a 
road tar would behave m tlic ‘^aine way as the road oil, but the lighter 
mfs in It yvould carrj a certain percentage of bitumen into the road 
Ihe results with cold tar primers are not yet Known 


Characicristtcs A® regards characteristics and action 0! primers 
r bclicy c tlic following comments b> Jlr W H Poushec Jr , *Bitummous 
Ungmeer North Carolina btate Highway Commission, USA, will be of 
interest — 

A piiinc iHiitcual should jio‘i8c«s Katisfnclory pciictrating and hooding 

not firt a Rent anu nt tho finnio time ndhcic lo the next iipptication oi wtticwc 
^ollH to form a Iioinogciieous mat 


1 or a 1 
t-niv* 

h) t 

llic 

In Older 


. ladchyomCUcininf 

rht- "Oils «i-«l ”{ 
(ill ptr cent 
ken to apirournafe 

* Cl iiciiu )im LtieountcrLil on construction as nc iHy as po'fiihlc yo'*o 

picssiiri) ans pinced on test samplM m accurately measured 

asi halt prime ims applied at approximalo rate of one third of ^ . 

I cr ^qii irc jaul (approximately J Imperial gallons or 30 I 

ptr 100 atnurc fut Author fl Note) 

After ’ 

St 1 

i^r 

I 

loss hi , , , ‘ 'uul hy igintioii Dcductious were made for 

’-odion of uncoated material It \>as found that the a\cragc hihnoi 
nous eontctU uas as lollou — 

lb t at root ion yMth CS 2 Top Ky cr 

bj eairoctioii uiih CSi - bottom layer 
by igintum— Top layer 
by Ignition— bottom layer 

Solid Asplialt left after rcmo\al of Ci:J gohent — Top layer 
‘^ohd Asphalt left aftt r removal of Cbi solvent Bottom lay cr - 
^ ‘^‘'"pcnctVmjw^^ full depth of 

^ or bound macadam an application of 253 *^ 
'<J«are feet should be rcconj 
undcqtnle ° primers at much lower ntes But 

tn<ic ^ p„m>ng is «» ^^;wsal^£o r the following reasons 

*''urho‘7T^'s I’aung ronforenee M'' 

NewSorl ^ l^^'Hulur iDtJ Pupinlird hy the AsplnU liisUUiw 


DCT*# 

331 ". 

"S')?; 

29S^V 

DCS 

237 
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(a) \\ ith inciifTicicnt pnincr the required depth of pcnctmtioii 
ennnot be oblninctl The requisite strcriRthcninfi of the 
wilcr Iwiiiid and proper 'inclionRC of the ucirniR course 
would therefore not dc\cIop 

ti) \t 'i fixed rate of application of the binder for the ucirinR 
courve more of this will be taken up to cover the bi'c 
trcatcrl with inadequate quantit> of primer and thus the 
quantit> of binder re ]uiretl to hold the stone chips 
cover coat interlocked would be inadequate, IcaditiR iwssibh 
to disruption of the wearing course under traflic 

The recent te«ts earned on at the Government Test Track Calcutta 
bear out this argument The particulars of these tests it is believed iiiav 
be included m the report of the Technical Sub Committee to tlie 
Council of the Congress 

(2) Tor Clav gravel road the following treatment which was used 
in South Carolina (USA) should be satisfactory — 


to one half of nn inch was cncoiiiitcrwl 


The prime was allowed lo drr m from thre« lo fortycight hours tlcpcmling 
on the character of soils anti weatner conditions Gencrallj we let fhc| rime drj 
m about fiic hours at which time \ 0 could drive over it without aamc 
picking up On this phase of the work we found that (he asphalt prime U 
ndvontngcotis in not slowing tip next ni plication 


The prime was fo 
a ba«cof eight) fit c 
220 to 280 at 2U0<T 
washed sand gravel 
JJbuirtjiJGye ip Jprljr jinuods to 
graxcl had been uniformly 
thoroughly rolled With a 5 
asphalt TrnfTc was allowed 
it had been comj leted The 
entirely set to keep the grm 


asphalt cut I nek hnvii g 
Furol Mscosii) of from 
th an at plication of local 
I down at the late of 
caiirui of wjjshfJ 
10 m drag. It was 
mbcddal in the 
three days after 
ns that iiad not 


Recently, the author treated a moorum (which is similar to clay- 
gravel) surfaced road in Chaibassa with a medium curing cut back 
asphalt and noticed that the penetration was over one half inch with 
application at the rate of thirty pounds (3 gallons) per 100 square 
feet The seal coat was applied with a heavier cut back asphalt blinded 
with a mixture of two cubic feet of screened moorum and one cubic 
foot of sand per 100 square feet No rolling was done and the road was 
opened to traffic after a week The results so far are encouraging Tur- 
tlier details about this work may be available from the District Cngt 
neer, Chaibassa who was present throughout the experiment and has 
kept careful record of the treatment and observations 
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I hi\c CO fir dt<:cu'sccl llic action of pnracrs on water bouad icid. 
for winch purpose the<e are pnncipallj need But certain entb-d: 
acplnlt primers ln%e abo been u«c<l succe‘;«full> on bitumenued raid 
curfacec ccpecnU> on old hard and polished ones In mcw of th*a 
pcnctmtnc qualities, the pnmers act as a miver and afford a tadrj 
medium for tlie subsequent repaint 3n li\ing premix carpets over a 
painted surface a cut bach al^o Ins its usefulness m proxidmg '-ch » 
tackmg medium 

In conclu'sion I would like to state that the object of th^ 
paper has been to place before the Congre<s some information of vrotk 
m India and cbewhere regarding the mes of primers and to imtiac 
discussions on this important subject Though I hav e mentioned 
tars and cold tar primers I have confmeil ni\ paper mosth to 
primers for obvious reasons 1 hope that =orne other member of th* 
Indian Roads Congress will come forward with a paper or further dctailw 
notes on the uses of Tar Primers to supplement this paper 
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StVOKh BRIDGn 

BY 

jouv our Mc tVMicr ise 

Sfipenfiteri^ittg Cfigtaecr Darjetltng 


Genera! — Tlie Sc\oke ruer which is a tj pical iiiU stream tn that its 
waters n-'e m the space of an Iiour from a few inches to a raging torrent 
of feet has taken its toll of more than one road bridge In 191^ 13 the 
railwaj up the Teesta \anej was constructed and the stream of the 
Se%oke ruer must ha\c followed alone a difl'erent alignment from that of 
the pre<=ent for it takes almost a right angle turn to pass under the railway 
bndge events turned out it was unfortunate that the stream was 
allowed to change its course m the wa) it did 

A number of road bridges across the Sevoke ha\e been washed away 
due to the erosion of the Teesta and to exceptional floods in the Sevoke 
With the de\elopment of road communication the necessity of permanent 
crossing became more urgent So m the jear 1932 a proposal to build a 
low le^eI catt«ewa> across the Sevoke about 100 feet below the railway 
bndge was submitted to Government This was lO the end considered 
to be unsuitable and it was decided to construct a bridge of 100 feet span 
(j e with a clear waterway equal to the railway bndge) As funds were 
limited jt was decided to construct a fixed arch this being about the 
cheapest i>pe of construction for large spans assuming of course that 
the foundations of the arch could be shallow and that there existed 
necessary protection upstream to keep the stream m its then position 

The road bndge was completed in 1934 On the night between the 
sixth and the seventh July 1937 a cloud burst occurred and the recorded 
rainfall during the night was j 8 inches This w'as a minimum value as 
the ram gauge bad overflowed The stream having changed direction 
impinged on to the Sevoke abutment of the railway bridge causing its 
collapse With this collapse the railway girders fell and acted as a further 
deflector to the mam stream This deflection sent the mam stream behind 
the arch abutment of the Public Works Department bridge producing deep 
scour and consequent yielding of the abutment and failure of the arch 
The author admits that the choice of type was unfortunate as had the 
reactions been verticil the road bank would have been breached but the 
bndge would hav e escaped damage It must be remembered however 
that the railway bndge had been m that position for 25 years 

After the colhp<e the question of re-bridgmg the Sevoke was taken 
up and various suggestions were put forward In order to determine the 
best position for a bndge across the Sevoke an extensive survey was 
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undertakea rrom this it ^^a^ s«Jcn that Iht natural opening at S'vol* 
was the onh place for a bridge ns the stream opened out above tlu 
natural gut and formed a large flat delta Thts*‘ut\e> also showed tlat 
tt was out 01 the question to go upstream to find a narrow cIuoncIacd«o 
It was decided to build about ^oo fectaboac the radwaj bridge Tt^ 
decision was further influenced hi the fact that the Tecsta mcr was 
alroad} hcaMij eroding jts right banh ^ that the question of bncigt'’g 
below uic rauwa> bridge would ha\e brought the bridge site far too dost 
tothismcr 


The author was ashed to submit a scheme for a bridge and drawing 
AO 5 shows Ins proposal 


This t>pc of bridge entirely no\cl to this country , which was at 
hrst received with some doubt, was rinan> decided on 

The following ate the points to be considered when bridging a 
stream of tins t> pe 

(I) The stream must be stabilized 

(a) rioatation of timber must be stopped as far as possible 

(3) Cheapness as regards both cost of construction and raamteniocc 
must be aimed at 


As regards (1) the tondencj of the river was to have a cros^faH 
towariis the openmg m the railiva> embanhmeot This rtatura«> produced 
a aeep pt along the edge of the forest causing trees to fall and tbrnpro- 
duemg further trouble 

coromeneed it was seen that the cro^slall'^ 
SevoLe side In order to correct thi^ 
the Srlm 7) was sunh along tlie entue width of 

before the raiS'sSJS' foundation work could not be completed 

laree ^ ^ wiam channel) brought dovra 

came to rest on top of the colbp-e^ 
sS niilwa3 bridge Once Uie flood su^ 

tendenev of the necessarj twimug works as the 

to cut through outflank the concrete foundations and 

Sifdoredald It Once the coffer dam fonmation 

nod could not form a deep 

meaS ’ stabilization of the nver could then be com 


water i»uld not occur without suflScient depth of 

floods, no ® ^ 

Y wnu w as brought down the nv er 

It wih be^^vious St^a 

ft series of small spans, where form work 
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can be standardized is bound to be cheaper than large spans mth expen 
sue foundations 


CONSTRUCTION 

In order to speed up construction steel form work suflicient 
for tno 30 feet lengths of coffer dam were purchased (see figure 1) 

As tlie total length of the cofferdam uas 300 feet it was de 
cided to Mnh in sections of 30 feet leaving a gap of 10 feet between 
sections which was filled in after the adjoining sections had been 
sunk to the correct depth (see figure 2) 

In order to protect the concrete against corrosive action all 
faces of the coffer dams were coated with bitumen before commencing 
sinking 

De-water ng was carried out b> portable centrifugal pumps driven 
b} Lister diesel engines The pumps had a joint capacity of about 

1 00 000 gallons per hour and they had to work full bore m order 

to keep down the water when clo'^ing the gap between two sections 

Although the surface flow w as small the under ground flow was very 

large and considerable trouble vias experienced in keeping the water 
level below the bottom of the coffer dam The sinking gave trouble 
due to submerged trees large boulders etc (see figure 3) 

Once the coffer dam had been sunk the compartments were 
filled With sand and gravel well watered and rammed After this 3 
mches of weak concrete was placed on top of the fill so as to give 
a clean surface on which to erect the reinforcement for the base 
of the culvert (see figure 4) 

Immediately the base had been cast steel forms for vertical 
members of bridge were placed in position (see figure 5) The forms 
vseie stripped after 24 hours re erected and Shed with concrete Owing 
to the late start it was not possible to get the complete base slab 
finished and consequently there was a gap towards the centre which 
meant that the base at this point was 9 inches lower than the re- 
mainder 

These figures clearly show that the stream is tending to stabihze 

* ^ ' r 1.1 n- J 

and protective 
nile m order to 

protect the bank 


the alread> completed bases and at a later stage the top «lab was also 
completed (see figure lo) 
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Moment tlhgrains and the distributions for concentrated toad as « 
for uniformly distributed load arc given in Drawing No. 3. 

Tlie following stresses arc considered in the design — 

(1) Stresses due to dead load of the structure. 

(2) Maximum stresses due to I<n e I/iad (lather a ten-ton 
Road Roller or a line of 6-ton lorries, uiuchcaer prodaces 
inaximutu effect) 

(3) Stresses due to aariation in temperature, 

(4) Stresses devclojied due to brahing effect of a clucular traffic 

.^t each section, thc^c aarious stresses arc combined to j 

effect and designed for the same To avoid exccssiac horizontal tli 
earth at both ends of the bridge, the bottom slib is made « jj 

angle of 45 degrees to the horizontal (The angle of repose of eartn is 
to be 45 degrees) Therefore, stresses due to earth pressure cimnle 

into account The top and bottom members are 
bending, a\bile vertic.al members are designed for combined bend g 
thrust 

The road surface consists of a 2 inches wearing course 
Bitumen laid o% cr the top slab Wheel-guards are made ° 

Concrete and the railing consists of 2 rows of 2-incIi pipes running 
Reinforced Concrete pillars at intervals To prevent abrasion 
bottom slab b> flowing sand, gravel and boulders, a 2 -inch wearing 
IS provided on top of the bottom slab throughout the bridge 


SPECIFICATION 


Steel — Mild steel tested to British Standard Specifications allowab 
stress= i6,ooo pounds per square inch. 

Structural concrete — Crushing strength at 28 days 
concrete work (average of 3 specimeas-12 inch high and 6 inch diame ) 
3500 pounds per square inch. 

Wearing course —-Crushing strength at 28 days (average of 3 
raens-i2 inch high and 6 inch diameter) - 4000 pounds per square men 


OTHER DETAILS 

per square foot of the elevation area (between the road level 
and me bottom of the foundation) is Rs 72/- 
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It>im 5 

Giving some idea of the t% pe of «^)il tiiioti,li «hi*fi li.i > « 

fud to be sunh 



1 ^ 

Showing 3 indies of weak coiicrde « 
clean suffice to erect the remforceincnt if/( f ^ ^ 




- r "“1 

Fi^iirt G 

ShosMog the con4\t\on. oC the luer '\fteT the fit«t flood Notice 
the \er\ considerable amount of drift timber brought down and also 
the jxisition of the st renin 
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Fi^uri. 

Sho^Mng a sausage to protect the approach to the bridge 



\ \^\\\\ '' 

\ftet the first flood, protectne works lsausage<5 b feet diameter 
hlled with boulders) were placed to protect the approaches to the 
bridge 
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DESIGN 


NOTATIONS. 



Fig 1 

^.^,3,4 etc are the members of the frame considered 
^ B C,D etc are the vanous nodes or jmnts 
1 2 j etc are the respective lengths of members 1,2^ etc , 


M*/ u 



«itc about their Seutraf aSS 

to a unit moment filf ^ 

W1..U the moment of mortm ct tho mombet is constant tbrongto«‘ 
we have as foUoivs ^ t. , r -Mo* 

P ^^ere 1=^ length of member, /•“No* 

SriMpVctiva meXre” 
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X* IS the angle, which a member makes at /I with AD, when sub- 
jected to a unit moment ( V* - i) applied at A, taking the member freely 
supported at A and fixed at B. 


When the moment of inertn of the member is constant throughout 
we have as follows — 



where /, = length of member 
and J, - distance from D of 
the adjacent fixed point 



x*2 3 4 n ^ angle of rotation of a joint A, consisting of members 
I. 2, 3 4 .n, when a unit moment — 1) is applied to the joint, and we 
have as follows — 



eJ is the angle of rotation of support A (member i), when a unit 
moment (Mj -=• 1) is applied to this support This is required in calculat- 
ing the fixed point distance ‘a’ 

Similarly Bj is for support B 



hig 4 — 4(1 


In figure 4C, at Node A, the support for member i consists of a joint, 
of members 2, 3 4 
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e* is, therefore, tl»e nny;lc of rotation of a )omt consi'^ting of ftto* 
bers 2,3 4 Hence 


~ X 


A 

2 0.4 


r$x^d Points ‘a‘ aud *&' 

‘o', for an> member, denotes the distance between tU* Idtor battoo 
Joint and ttie adjacent fixed point of the member considered a, 
are for the respectu e members i.a 3 etc 


1 

A ^ 



® j*- 



5 

Tij; 5-5 a 


5<t 


A 


‘6’, for any member, denotes the distance between the right or 

joint and the adjacent fixed point of the member considered 

are tor the respective members 1,2,3 etc 

When the moment of inertia of a member is constant 
we have as follows — 

^ where I is the length of the member considered * 
^ and p denote angles as explained before 



Transference Factor 

Moment Mf (fig 4c) produces at A, moments Jl//. ^nd 
the respective members 2 3 4 the directions being shown by a«o 
fig 6 For equilibrium of joint we have 
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Moments are cacli less than 

Factor — 1 ,5 called the transference factor, from member i to 2 and is 
ilfi 

denoted by 


So that we have. 





All calculations are based on the following assumptions — 

(1) All joints of the frame are rigid, hence there is no relative 

change of angle between the members themselves 

(2) Movement of joints are possible due to rotation only and no 

movement due to translation 


For further references, please refer " Methode der Festpuokte " bvr 
Cmst Suter. 
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CALCULATION OP STlPPNnSS FACTORS 


rp, 

£p, to -E’p,, 


. /, 

1833 

3 06 

6/r 

’ 6/ " 

J 

b „ 

18 00 

300 

6/2" 

' 6/ “ 

} 

, 17*67 

295 


6/ 

" / 


17 33 

2 89 


“ 6/ 

" J 


1700 

2 83 


' 6/ 

'T 


10 00 

167 


6/ 

/ 



CALCULATION OP FIXED POINTS 


point 


Since there is an expansion joint at F, the members are free at this 


a,=o and 
P. (3- 


L 




> 


;r) 


(3— 

EJ 

Before we can proceed further we have to assume values for some of 
the fixed points These assumed values will finally be calculated accurate- 
ly and altered where necessary. 

Assume, &2=5 25 feet 

& 3 = 5 'I 7 
^♦“5 07 feet 
&J-4 98 feet 
a,j-«2 40 feet 




EJ\^ 


18 00 \ 

1800-525 / 


“ EJ EJ 

^117/ , _ to \ 
EJ\^ 10-240^ 
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167 2 Si 

*: ^ ‘ii 

•? 7 "^ - Si ^3 ^ J 77^ ^ 

r;(4 77 + 2Si) 7 585/ 5/ 



ir-aj 

3-_i? ^ 

L/ V 10-2^6 } 

*^5/~'^^^' 5/ 

n“f-( 

3— 3Zi7 

V 1767^517/ 


EJ 


EJ 


>^^59 


17 67^51 

_4 6q 
£/ 


4 6q X a 7Q ^3 00 ^175 . 

■^469 + 27^ 74S5/ " £/ 

in 


3 + ^ 


^ ^73 4*05 


= 3 47 feet 


4 ,^-/ 3^ ^7 33 \ 

^ 17 33—5 07 / 


_ aSo 

£/ 


\i59' 


4 60 
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-lit f _ 


;) 




, g 79 




- _4 60x2 79 _ 128 3 ^ I 74 ^ c 

^£7(460+2 79^7 39 


3+ 


3,4 


- - 2 47 feet 


I 67 


Tbe \alue3 of dj, * wUl now be practically the 

same as a^^ — 2 47 feet 

As the frame is more or le«s re\ers,ble jn cliaractcr excepting mem 
ber 6 for other top horizontal members I'C can assume the fixed points 
to be the same as those of the corresponding honzontal members at the 
bottom 


From symmetry we can also assume 
J 5- a„=3 47 feet 


3 




,_i67 

EJ 


X 167 


10-247 / 

279 

EJ 


(3 ~tV) 

14 \ *]* “u ' 

Jj \^ 10-247/ 
EJ ^'^ 7 - EJ 


E 

'^ 14,5 
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- 279x2 79 7 78 e? 

79 + 2 79) 5*58 r/ LJ 

L 


3 +“ 




_I70^^i700_. 86f,et 

_ 140 349 

283 



4 50 X a 79 1255 _LZ^.. 

“£/(4 504-2 79 ) “7 2gEJ~EJ 


6u-- 


3+12^' 

^^167 

403 

■'r.=p..( 3 - 



10 \ 

“£/ V* 

10 — 2 48 / 

-EJ ^ 

^Ef 




10 ’ 

EJ \ 

10-247- 


*2*48 feet 


167 


X I 67= 






2 79 X 2 7Q 


778 lj 4 g 
“ E/ (2 79 + 2 79) ~5 58E/ EJ 
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„ ^7 S3 17J3 , 

"348 “4 97 feet. 

t ^733 \ 

^ ^ 1733-507 / 

> 

’’ '^1’ 

i-^^=79 12 84 174 

V(4 60+279) “7l9^'“^"®i3 


167 

£/ V 10-247/ 

=— ^Xi67-=^79 

-^■■0- A ) 

X ^?3 

_ 2 79 X 2 79 778 _1*40 

EJ (2 79+ 2 79) ”5 58EJ ~EJ “ 
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, 279x27 9 ^ 7 78 _ MO . 
^7(279^2 79) 5 58 J-/ I J 


3 + - 




_1Z£2 i7_a_^66fcct 

1^0 349 ^ 


-P(^- 


ry 

2 83 


17 00 


XX 59- 


17 00-4 98 

450 




^ n = — ! 




450 x 279 1255 ^X 72 ^ 

' ^y (4 50+2 79 ) 7 2^EJ'"EJ 


Ph 


, X 72 403 


- - 2 48 feet. 


"167 

<.=e,.(3-^j-) 

^ 67 / _M^_N 

Vr 10—248/ 


-EJ 

167 

~£7 X I 67 . 


279 


‘iJ “J3 ' 

^ 10 \ 

EJ \ ^ 10—2 47 / 

EJ ^^^--pj 


'^u+tS 

^ 279 x 279 778 140 , 

^/(2 79+2 79)“5 58£/“£^7 ' 
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_i7.33_^?7.33_ 

348 

3 + jt9 



460X2 79 _ 12 84 174 


^ J {4 60 +2 79) 7 39£7 “ £/ ■ 


2 47 feet 



£7(2 79+ 2 79) 558B/ EJ 
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3 + 


— ?ziz„5.osf«t 

MO 347 


2^5 


(3 

,295/ „ 1767 


2 05 

-if XI 59 - 


~5 17/ 


xyfiy-S 17 * 

ii? 


< + 


4 6S X 2 79 1306 _I 75 

■' LJ (4 6S + 2 79I y 47 EJ El 


47 feet 



1 67 ^ 2 7Q 

BJ XI 



, ggrxg 70 __ 784 _I 40 ^ 

(2~8iT2 79) JS7 EJ 

,=__A 


3+ 


18 00 _ i8 00 

MO 347“ 


34 - 


3 00 


>5 ig feet 
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-12?/ iS 0 
" jSoo-525 


35) 




, CO -i77 

BJ ^ ^59 = 

T?XT® 

“ll 

tB + -B 

..jj 

, -4 77 X g /Q _ 1331 ^i/S. 

(^77 + =79^^/ 7~ >6 £/ “ 




“3 + J 

76 4 05 “ 
67 

^A=P»( 


167 V 

f 10 

~Ejy 

/ 10-247, 

II 

xif> 7 =-i^ 

tx 

< 


“Zn~ £j 



= 2 47 feet 


--AJ-A 

^11^^16 

279x279 77 ^_ 140 _ , 

= t2 79 + 2 79)FJ 5 5SSJ EJ 

/, 


3 + 


Pi 

iS 33 18 33 

— =5 30 feet 
I 40 3 46 ^ ^ 

3 06 


3+^ - 

P‘( 3 - 7 r^) 

306/^ 1833 \ 

' 18 33-0/ 


3 _ 26 y ^_6 12 

- EJ —-ET 



to6 
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^ M 6 


6 I 2 V 279 


34 - 


Pm 


3 + 


J_ 9 ^“ 4^5 
I 67 

3 1800 \ 

"L7 \ 3~jb 00-5*19/ 

= P( 3~-J^) 

1 67/ 10 

"£/ V 10-247 

279 


.241 feet 


) 


167 


X 1 67 


‘£/ 


T?Xt^ 

X?+tV 

4 80x279 ^ 

** (4 80 + 2 79)J^/ 7 59^-/ 


3 + 7 


1 76 

3 -"'T 67 


' 405 


. = 2 47 


167- 


^ 3 - 


Jx--) 

5-0 / 


£■/ 


'^6 +•= 
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_3 34^ ro 0 32 1,52 

**(334+279)// 6 i 377 "£/ “ 



3 + 


iS 00 
~52 
3 00 


18 00 

’351 


-5 13 feet 


h 


If there IS anj h\ c loid on member 7, the tendenc> of member 6 
will b“ to lift at the point/' The member 6 will in that case act as a 
cantile\er thus offenng no restraint at the node G But it is expected 
that the dead load of member 6 will be sufficient to counteract this upward 
tendenc) and hence in spite of the absence of anj mechanical lunge at F 
the member 6 will act as a span as if lunged at F, and will thus offer some 
restraint The fixed point a, is calculated on tins assumption If, later 
on It is found that there is some nett upward reaction at F, the restraint 
offered b} member 6 will ha\e to be neglected and the value of a, revised 
accordingly 


c 
2 e 


2?. 

zf 


+ '^6 


4 So X 3 34 ^ 1605 „ 1 97.^ « 

(4 4-3 34) EJ 8 14LJ LJ " ^ 





10 


3 + 


192. 

167 


10 
4 1& 


- 2 39 feet 


Previously the value of rt,, has been calculated on the assumption 
that the point F of number i is free to rotate but fixed in position Cx 
cept for the slight frictional resistance at the joint the point F of this 
member is also free to move laterally in that case this member will offer 
no restraint at the node A and we shall now calculate the value of on 
this assumption 


tA _ 2 79 = 

EJ 

/ji 


A. 


3^167 


27r’=4 67 ="^4fcet 


^ 1 ,= 



.Oh 

riicacliial a.iliic ot <i,, 

2 .(( fill calciihtol l<(.totc anil tloa aaUic stall 3“’®' 

<le,.c.ul.nK m. the a...on.il of fr.ct.onal .c-..staoa. at / . a 

the value of „^_^,,5[oct. 

To I, OKU. u.llh ucasMU....! a /'y^jJ^eN.f'valucrfa,, 

cakuhtul lliv value of n,. riiis „( otU« C ted 

also alio. 11.0 a alue of a,., ll.c tllacl ou , ‘ ' f '”,ue of a,- 

bcuR nosl'g'l'lo Wo vlnll uou recalculate the taWc 

-■/K- .--5) 

„'('7 _?:55 

3- ) 




iS o<) \ 

It) 00 -5 13 ' 
4 So 

° "rj 


II u . 

Xo +T11 

4 So X 2 S5 


(4 8o + 2 85)iy“ 


_ 285x279 _ 793__^'»£ 

= ^i85 + 3 79)i^y 5 64£‘/ 


CAI.CU NATION OF TRANSFERENCE FACTORS 


Node — ’A' — 


/‘I iG “I -0502 


= 0 49S 
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A 

I! It 


»A 



^L9i.oG9 
2 79 


If wc neglect tljc restraint due to member n** * lienee 

taking an intermediate \alue, we shall assume 

jj — o<S3= /*^j jj, from SMnnictr> 

^ni =1-055-0 


Xode — “B 


al _ ’n >2 = MI 

^11 T]; 2 85 

-1-0495 

, B ■'2 12 1 /U 

" ' ~ “ 4 bo ■ 

"nu - "-'>36-5 ■ 

B 

«B ^ 79 

480 ■ 


Node-^’C — 


, 279 

-0502 - 


3 ^ 

^V. n “ 1-037-1 


175 ^ 

468 


,-L75_. 

4 6b 


Ao£fc_'Z> _ 


i«y* = U? 
%i> 2 79 ' 


0495 

0505 

03O8 

0632 

0373 

o 627 

0502 
o 49S 

OJ71 

0626 

0374 

O fj2h 

o 302 



Ito 
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D 

i 14 


/‘ 


D 
13 I 




D 

S3 14 




D 
II t 




14 13 


« 1-0502 = 

-£74._ 

4 

= 1-0378 

^ 174 , 

-460“ 
= 1-0378 


049S 
037S 
o 622 
0375 
o 622 


Node—T 


~ ^ 4^ 


^ “ T,*; 2 79 

?‘fts =1-0502 0498 


. ^72 , 
450 ’ 


03S2 

/f, ,5 =1-0382 = 061S 


^15>5 


■c^ 4 50 


i4“i-o382 = o6r8 

From symmetry, the transference factors at the nodes J, ^ 
Will be similar to those at the nodes L, D and C respectivelv tfie jj 
at node G will be slightly different to those at node B 


«i-0 455«o545 

^ 

^6 7 -=1-0367=0 633 

“ f 

^‘7 e =i-o4i«o5g 
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DliAD LOAD MOMENTS 

For convenience in calculation slnll consider a f(X)t-stnp of slab 

and iialls. 

Weight per squire foot of deck slab (uith vcinng course) — 

9* R. C. slab= 75x150 ■=• 1 13 pounds 

2* neanng coursc = r40 6 = 24 pounds 

1/4" lajer of asphalt — 3 pounds 

140 pounds per square foot 

Free bendmg moment at the centre of each span - 

140x10x10 , ^ , 

-« ^ — ^ = 1750 foot pounds 

Free reaction at the top of each support 

^ 140^^0 pounds (due to eacli span;. 

Weight of each i^all (aierage height = 17 feet saj ) 

17 X 113 = 1920 pounds 

total dead load upward reaction on base slab producing moments 
=2 X 700+2 X ^^2_332 o pounds 

free moment at centre of base slab (due to dead load ) — 

^^20 X ID , . 

— g =4150 loot pounds 

The moment diagrams have been draw n graplucallj (^ ide Drawing l^o 
2) and the dead load moments tabulated on page H2 i*or practical pur* 
po'es It will be sufficient to find the moments for members constituting 
the first two openings » e , for members 1,2, 3,6, 7, ii and 12 The rein- 
lorcements m members of the first opening may be slightly different but for 
practical reasons all other members will be made similar to the members 
of the second opening 

In the following table we shall use the following notation^ - 
E, c= point r of member 6, and so on 
Ffi s= middle point of member FG or 6, and so on 
cl = quarter point of member 7, measured from G, and so on 
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Reaction at 1 , 

From member 6' =700 - ^-^^ = 700 — 156=544 pounds 

total dead load reaction from t«o spins one on each side 
= 2 x544 = loSS lbs =0 4S6 ton 

Reaction at j ^ 

Weight of wall = (1833-0 75) ir3“i7 SS x 113 
= 19S7 pounds 

total reaction = ioSb i 1987 = 3075 lbs =i 374 tons 
Reaction at 

From member '6' = 700 4- ^^^=700 + 156 =856 pounds 
From member '7 =700+^— =700+45 = 745 pounds 
total reaction at Cj = 1601 lbs = 0 715 ton 
Reaction at 

Weight of u all = (1800-075) x 113 = 1725x113 
= 1950 pounds 

total reaction = 1601 + 1950 = 3551 lbs = i 585 tons 
Reaction alH^ 

From member '7 = 700 — 45 = 655 pounds 
From member ‘8* = 700 pounds approximately 
total reaction at Hj= 1355 lbs = o 605 ton 

Reaction at Cj 

Weight of wall = (17 67 — o 75) II3 = 1911 pounds 
total reaction = 1355 + igii = 3266 lbs = i 458 tons 


^ LIVE LOAD MOMENTS 

The bridge is to be designed to carry per line of traffic, either a 10 
ton Steam Roller or a line of 6 ton lornes, whichever produces the greatest 
stress on the member under design 

In this case for bending and shear a 10 ton Steam Roller produces 
maximum effect Impact is taken as 50 per cent for such short spans 
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The rothr ts supposed to occup3 a space of 25 feet along the 
the bridge the unoccupied spice rni\ be cohered uith a crowd loan oioo 
pounds per squire foit but is the spans of the bridge ire onh 10 f«« 
each the cfTect of this croud load x^iil be negligible and hence to ‘unpliu 
cilcuhtions ue shall consider the roller onl> 

The details of the roller ui its working condition are gisen below ~ 
Weight of front uheel (without impact) 

Width of front u heel = 4' — 0 ' 

Weight of each of the two hiud rvlieels (without impact) 

= 435^0“' 

Width of each hmd wheel =: i — 6 

Centre to centre of hind wheels ~ 5 

Wheel ba'se (or dic»tance between two axles) = ro — S 

Hind u keels — 

Weight of each hmd wheel with 50 per cent impact 

= 155^435 ^6 53 *005 

Width of distribution = 2 3 (f +C) where 

L = span, and C= t j re w idth 

=2/3 (ro + i5o)=3/3><ii 50=^7 ^7 

But the maiamum possible width of distribution 
= distance between centres of hind wheels =5 


Therefore considering a foot strip of slab as before 
had due to each hmd wheel— = r 31 tons nearly 
Front uhcels — 


Weight of wheel with 50 per cent impact 
*=15x43 =r645tQns 
Width of distribution =s 2/3 (L-fC) 

= 2/3 (10+4) =52 3 X r4=g 33 feet 

load per strip of slab « - ^ ■ 4^ . s= o 60 tons ' 

9 33 

We shall neglect the distnbution :a the longitudinal direction ^ 
consider the wheel loads as knife edge loads 

shall now place the wheel loads at different positions to 
worst effects at the various cections and find out the magmtndc OJ ^ 
moments from the graphical constructions for moment diagr'inis \ 
Drawing No 3) 
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Seclion — 

(rt) Mnximnni j>»«ilivc moment- \\ lien one liiiid «licc! is on incniber 
'17* alKint 4 feet from / - *-o 12 foot tone Corresponding 
reaction at i, = 6/iov 1 31 o 7^0 lnn« 

(fc) Maximum negative moment -When otic Itmcl wheel is on member 
‘6’ about 4 feet fiotn I “Maximum jKisitive moment in 
magnitude = — o ra foot tons 

CoTTcejxmdmg reaction at 4 , — o*7‘'f) ton 
Scclion Fj — 

(a) and (6) — The metnl>cr being free at I the moments at this section 
will be ml. 

Sfctton 

(а) Maximum positive moment — When one hind wheel is on member 

'7' about 4 feet from i o 21 foot tons Corresponding reac- 
tion atBj = o 7S6 ton 

(б) Maximum negative moment - Wh'*!! one hind wlieci is on member 

6 about 4 feet from 6= — o 25 foot tons Corresponding reac 
tioo at Z? =0 7S6 ton 

Seel ton Gj — 

(а) Maximum positive moment — Wlien one hind wheel is on member 

'6' about 4 feet from 0 = +062 foot tons Corresponding reac- 
tion at Gj •=■ o 78£> ton 

(б) Maximum negative moment — When one hind wheel is on member 

'7' about 4 feet from G= — 0 53 foot tons. Corresponding reac 
tion at Gj=o 7S6 ton 

Section Cj 

(а) Afaximum positive moment — When one hind wheel is on member 

'8' about 4 feet from H~ -f o 20 foot tons Corresponding reac- 
tion at Cj = o 786 ton 

(б) Maximum negativ^e moment- When one hind wheel is on member 

*7' about 4 feet from = — o 20 foot ton Corresponding reac- 
tion at Cj=o 786 ton 

Seelton 

fa) Maximum positive moment — When one hmd wheel is on member 
‘ 7 * about 4 feet from //=+o5o foot -tons Corresponding 
reaction at //j = o7S6ton 

(6) Maximum negative moment — When one hmd wheel !■> on member 
•8’ about 4 feet from Zf=-0 5o foot ton Corresponding 
reaction at JYj=o 7S6 ton 
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The roll-r v» supposed to occujn a space of 25 feet alon? tbe length oi 
the Imdge , the nnoccupted “pace maa be co\ered %Mtli a cro^d load of S'* 
pounds p“r stpiire foot hut as the spins of the bridge ate onh 10 fe'^ 
each the effect of this croud load uilt be negligible and hence toMnpffr 
calculations ue “hall con'ider the roller onU 


The details of the roller in its uorking condition arc giien beba — 
eight of front ulieel (ujthout impact) = 4 30ton« 
Width of front uhccl = 4' ~ o 

Weight of each of the two hind u heels (uithout impact) 

= 4 35 ton 

Width of each hind uheel = i'-'6 

Centre to centre of hind uhcels = S'—o* 

Wheel ba^e (or distance between two axles) = 10 — S 

Ilxnd wheels^ 

Weight of each hind uheel with 50 per cent impact 

=i5>f4 33 =653 tons 

Width of distribution = 2 3 (/ H*C), where 

/!. = sp*xn, and C=taTe width 

= 2/3 (TO 1 50) = 2/3 50=^7*67 

But the maximum possible width of distribution 
= distance between centres of hind wheels=5 


Therefore con':idenng a foot strip of slab as before 
load due to each hind wheel= i 31 tons near!) 

Front tc/irr/s-' 


Weight of wheel with 50 per cent impact 
= 15X43 

Width of distribution =2 3 (L+C) 

= 2/3(10+4) =2 3x14 = 9 33 feet 

load per strip of slab = 060 tons 

9 33 


ennorv distribution m the longitudinal direction > 

consider the w heel loads as knife edge loads 


worst effeSa ?l different pOMilonj> ^ 

moment sections and find out the magnitude of * 

Smwin^Nr^) etaphical constructions for moment d.agmn« 1'-^^ 
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Sechon 

(а) Maximum j>o<itnc monjcnl — W Jicn one Innd ujiccl n on member 
•17* alwnt 4 feel from / ~ 4-0 12 foot ton< Corrt'iiiomlmp 
reaction it I,s=6/iov 1 31=07^0 fon^ 

(б) Maximum nesative moment — When one bind ubecl is on member 

6' about 4 feet from / "Maximum i)o«itt\e moment m 
iragnitu(le= —0 12 foot tons 

Corrcfpondmg reaction at /J, — 0*7*'^ ton 
Srdtem F, — 

fa) and (6) — The member being free at I the moments at tins section 
will be nil 

Sect} or Fj — 

(a) ^laximum positne moment — M hen one bind wheel is on member 
‘7* about ^ feet from ( 7 = — o 21 lent tons CorresiKMitlmg reac 
tion at Bj = o 7S6 ton 

lE) -laxmium negative moment — M hen one hind wheel is on niLiubi-r 
'6’ about 4 feet from G = — o 25 foot tons Corresponding re n 
taou at B. = o 7S6 ton 


Sedton — 

fa) llaximum positive moment— When one liiiid vviitc) )s ni) HI Hll 
‘O' about 4 feet from G = +0 6z foot t^>us loii>- p n Ipip ) h 
tioa at C, o 7S6 ton 

( 1 ) I^laxunum negative moment— W)nn uiu jimd \v)u ) | jjij p) |)|j | 
‘‘7* about 4 feet from G- -0 5z fo H t<pi ^ >/;b j) IH )|Hl* )► > 
lion at Gj=o 786 ton 


Sedi'^r 

(ir) lianmum positive iiiojjK 111 — WJh 11 jiiu liunl jy] ill j n pi >jiJ > 
'o about 4 feet from //^ ’/oi ^ »U* J 1 hi* } 

tioa at 0^ = 0780 ton 

f^) ll£ccrmr3ii»ac<n* ■** I ‘ ^ J o ) wJ li 11 i*- 

'7' about 4 f»*^ / // V ii j I y * 

tiou at C =€j j/i t/* 


Sttiion II ^ 

ta\ tiaxmum po'ntjve * o o'u luiid 

*7 about 4 feet f'om // - i >jl p j 

reaction at H^=o 780 ton, 

(t) Jlaximuta negative mom'mt — V.JUnwji t Jjjj j 

'S' about 4 feet from //« ^ 

reaction at //, = o 7 ^^ ton ' 
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Sfcfton I 

(/?) Ma\imism posJtix c njament njl 

MiMimnn nei^alnc moment nil 

Sectton / 

( r) po itnc moment — When one hmd wheel b at the 

section consulcreds= 4*2 22 foot tons 
l[6) Mavumun ncgituc moment— hen one Inutl wheel is on memhet 
7 'xhout 4 feet from — o 20 foot tons 

Sedioft /*,(/— 

to MiMmum positive moment— When one hmd wheel is 
sicction considered = +2 4S foot tons 
(b) negatu e moment— hen one hmd wheel is ni&mh^ 

7 nbout 4 feet from G= —0 40 foot tons 

Sfdtott 

(a) positive moment '-Wheri one hind wheel i=> 
'section considered = 4- 1 44 foot tons 

(6) MaMmnm negative moment — When one hind wheel b 
7 about 4 feet from G= — 0 60 foot tons 

5 cc/ioij G, 

{ r) Maximum positiv e moment — When one hind w heel i^* ® 

5 about 4 feet from H~ +0 16 foot tonS* 

d) traMtuum negativ e moment — When one hind w heel is ^ ^ 

6 about 4 feet from /, nnd the front wheel is on 
= — t gS foot tons 

Sedton G — 

In’) 'Maximum positive moment — When one hind wheel vsomo 

5 about 4 feet from //= 4-0 2S foot tons 

(b) Maximum negativ e moment— M hen one hind wheel 1^ ^ 

7 about 4 feet from G and the front wheel is ow o 

“ ~ ^ 74 foot tons 
Secfioii G| — 

(a) Maximum positive moment -When ’one hmd wheel « 

section considered «! +i 48 foot tons 

(b) Mavtmum negative moment -M hen one hmd wheel is on » 

6 about 4 feet from 6 = — o 77 foot tcm« 

Sff/to» G ff — 

(rt) Maximum positive moment— When one liind wheel is 
section considered =# +a 12 foot tons 
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(fc) MaxuHum iicgitjve moment - When one him! nliccl ts on member 
6’ about 4 feet from G= - o 3b foot tons 

Stetton III — 

(а) Maximum po«unc moment — \\ iicn one limd wheel is at the 

•ection consulcrctI= M foot Ion*: 

(61 Maximum negatixe moment — When one hind wheel is on nicniber 
S’ about 4 feet from //= -0 60 foot tons 

Section H . — 

(«) Mtmmum positixe moment — When one liind wheel is on member 
•6' about 4 feet from G= +0 3S foot tons 

(б) Slaximum negalixe moment — When one hind wheel is on member 

’7 about 4 feet from // and the front wheel is on member 8 ’ 
= — 1 65 foot tons 


Section A„—~ 

(fl) Maximum po^itixe moment — When both the front and the hind 
wheels are nearl> on member 7, 1 r , when the two wheels are 
realli on members 6 and '8 but the loads can be assumed to be 
whollj transferred through columns 2 and 3= +0 23 foot tons 

(6) Maximum negative moment — When both the front and the hind 
wheels are on member 6' = — i 04 foot tons 

Section 

(а) Jlaximum positive moment — When both the wheels {front and 

one hind) are on member '6'= 4-0 74 foot tons. 

(б) Maximum negative moment — When both the wheels are on 

member '17’= —0 61 foot tons 

Section B- 

(а) Jlaximum positive moment — When both the w'heels are on 

member '6' = 4-1 31 foot tons 

(б) Maximum negative moment — When both the wheels are on 

member '17'= —030 foot tons 

•8ec/ion £{1^ 

(а) Maximum positive moment -When both the wheels are on 

member 6’= 4-0 61 foot tons 

(б) Maximum negative moment — When both the wheels are on 
member *7’ == -0 51 foot tons 

5 frfioM 

(a) Maximum positiv e moment — When both the wheels (front and 
one bind) are on member '17’= 4-0 31 foot tons 
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(6) Ma\imum negative moment -‘When both the wheels are on 
meniber '6 = - 1 33 fcK>t tons 

Section Z?,j— 

(а) tfaximum positive moment— When both the wheel are 00 
member S « +o2Gfoot tons 

(б) MoMmum negative moment— When both the wheels are on 
member 7 = -122 foot tons 

Section — 

(rt) ^riMinnm positive moment ^Wlicn both the wheels are on 
member 7 = +0 64 foot tons 

{b) MT^imum negative moment — tVhen both the wheels are on 
member 6 =—056 foot tons 

Section G,jC — 

(rtl MoMmum positu e moment — When both the wheels (heat snd 
one hind) are on member *7’ =4-1 26 foot tons 

(6) Maximum negative moment — ^When both the wheels ate on 
member 6 ^ o 27 foot tons 

Section Cij — 

{a) Maximum positive moment — When both the wheels are ea 
member 7 ^ + o 62 foot tons 

(6) Maximum negative moment — When both the wheels are on 
member S = - o 52 foot tons 

Sedton C,j — 

Irt) Sfaximuni positive moment— When both the wheels are on 
member 6 _ + 0 zg foot tons 

f6J Maximum negative moment— When both the wheels ar^^ 
member 7 — i 26 foot tons 


temperature moments 
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Wc 'hal^Ja^e to cori'ulcr the effect'* of tcnipenlurc from the 
fo1Jomni» \*icT\ p05nl« — 

(<i) The djflcrcncc in licighls between the different columns being 
scr\ «niall the rchti\c \crlical ino\cinent can be neglected and 
hence there will be no moments on this account 

(6) The lop honrontal member being exposed to atmosphere will 
he affected b\ \ ana lions of temperature ashcreas the bottom 
slab being alw ass under water (where the temperature \anes 
\cra httic) will praelicalh be unaffcctcrl b\ external atmosp- 
heric aanations Hence there aaiU be rcHtiae displacement 
between these two incmbers This aaill produce moments in 
the columns which on account of ripidita of joints aaill then be 
transferred on to other members of the structure 

There being earth filling at the back of the abutment the point 
A wall be practicalla fixed in position all inoacmcnts due to tern 
perature being allowed for at 1 where we ha\c a sliding joint 

shall allow for a \ariation in temperature of i3o* ^ 
so that/ =±3 o’F 

coefficient of linear expansion for reinforced concrete 
= 000006 per degree F. 

£ = Young s modulus for reinforced concrete 
= 128^71 tons per square foot 

We are considering a footstnp of slabs and columns 
which are 9 thick 

, - bd^ 

moment of inertia about the neutral axis=y— 

- ft* 

We shall now calculate the moments for a drop m temperature 
of 3 o°F The moments for a rise m temperature bv the same 
amount will be equal m magnitude but opposite m sign 

(t) due to movement of column head G to the right 

Alovement of column head to the right due to a fall in temperature of 
100x30 X 000006=0 018 feet 

Aloment at base of column 2 = 3 /-= —^r 1 — TT — JT 

- 0 018 X 5 19 X 128571 X o 035 

“ 300x1800x768 

= — I 012 foot tons 
Aloment at top of column 2 = 





PArrn G — jo 


121 


In tins ca«c al«o the moment <lnRrams Ii-wc been constructed 
gnphjcalU (\ide Drawing No 

Vs wc are consj Icnng the first two ojicnings onl) tlie mo\cmcnts of 
other column 1 ejond 4 will ln\c \er\ little cITect on the portion of the 
structure we nre concerned with 


The nett temperature moments ln\c been obtained bj algebnic 
summation of the moments due to the abo\c llircc cn cs 


AIOMCMS DUI TO BR VklNG I 1 1 ECTS 


The force P, due to bmking parallel to the surface of the road js 
given b) 

^t = ^(/‘i±^off)±G tan <T 
VVTiere ^=wejght of the tractor 

; , = coefficient of friction between road surface and rolling 
wheel=si/50 approxmiatclj in this else 
a = angle of inclination of the road surface witlithc 
horizontal = 

G = weight of the trailer 

In our case since the speed of the steam roller is \ er> mnll tin. 
braking effect will be negligible Hence we shall consider n lint of 6 ton 
lorries In a length of no ft along the roadwaj w c can possiblj have i 
lorries m each traffic lane of g feet Supposing tlie brake is a[ j Ikd to all 
of them at the same time the force parallel to the road surface 
^i = P(^+tana) 

^ >50 30' 

= 4x6x — = i 28 tons 
150 

Considenng a strip of the structure i foot wide this force ' 

=0 142 ton 

This load IS resisted bj ii columns and assuming the resistance of all 
Columns to be equal load to be resisted b> each » 

013 ton 

^ Vomenfs tJi Colutnn 2 — 

Moment at base of column = 
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0013x18 00 X 

1033 

= — 0 1 18 foot tons 
^tomtnt It top of column =; 

U,= +/>(,x-4^- 

51a 


=i +0 oi3><; iS 00 X 
= + 0 116 foot tons 


1033 


Due to ngulitj these moments ui the column will be tran<;f6irfd 
other members (Mde Drawing No 4) 

2 Moments tn Column 3 — 

In this case since a-b 

Moment ntl>ase= M QoiZ^i ySy 

”2 2 

=: - o 115 foot tons 

Moment at top = 4-0 J15 foot tons 

3 Motticnis %n column 4 

Here also since 

Moment at base=M = ^ _ Q 33 

“ 2 ““ 2 

=1 — 0 113 foot tons 
Moment at top - ^ 40 113 foot tons 

inste temperature and braUng ate exactlv similar and 

before effects separately we can 

to SLidTrwf diagrams graphicall> Hence we shall ha>e 

nett dtat’^ram^ constructing the moment 

dugtiTO by algebraic suSmat.oa of the 


Column No 


Column 


Base 

or 

Top 


^lomeut due to ( Moment due to 
temperature ) braking effects 

(foot tons) j ^foot tons) 


Total 
(foot was; 


Ba^e 

Column 3 } JZe 

j ^°P 

4 Base 
Top 


Column 


■-1 012 
4-1 Ooo 
70945 
+0045 
-086S 
4oS68 


~QIlS 
4 o J16 
-o 115 
4-0115 
-o ri3 
40 113 


^XhO 

\ +r nh 
i Iso6o 
4.106a 
j ^oqSi 
4-o9St 
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Due lo TempeTaiure <ih 1 Dr thui; Lffects 

i 

Moments (foot tons) due to drop Moments (foot tons) due to a rise 

Section 1 

m tempenture of 30’r together 

in temperature of 30®/' together 

1 

i 

%Mth braking effects 

tMth braking effects 


—004 1 

-f-0 04 

r, 

ml 1 

ml 


-I 25 

+ i 25 

S* 

+ 1 20 

— 1 20 

C, 

-I 24 

-f I 24 

Jl 

+ 1 24 

-I 24 

F, 

ml 

nil 

n 

-0 10 

-f 0 10 

PsG 

—020 

4-0 20 

G| 

-030 

+ 030 

G. 

—0 40 

-j-o 40 

G, 

+0 80 

0 

00 

0 

t 


+044 

-044 

G,H 

+ 0 08 1 

-0 oS 

Hj 

—0 29 I 

4-029 

H, 

-065 

+ 065 

A„ 

a .4 

-0 13 

' 4-0 13 

A}i 

+002 1 

— 0 02 

A„B 

+0 17 j 

-0 17 


■1-032 

-032 

Bu 

-1-047 

1 -047 

Bii 

-0 78 1 

4-0 78 

®12 

-043 , 

4-043 

B12C 

—007 

4-007 


+029 

— 0 29 

C12 

-fo 64 

-0 64 

i 


A -B— The moments for a rise in tcmpenturo of 30®J' will bo opposite in sign but 
equal in magnitude to those for a drop in temperature by the same amount 
Due to the slope of the roadwaj the moments due to braking effects will be 
slightly different depending on the direction of the movement of the lomes 
But this difference being verj small the total moments may be taken to be 
equal m magnitude in both cases 
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TABLt: or TOTAL MOMENTS 

»*0K »OKrro\r\! mi \m kc 


Mns^HUm rnkMin 

MU t 





N»t Kil 



Maximum 1 t-yttttp 

{ f\i l tt* » 



Xtl j 2 sM 1 



Tht columns being symmetrically reinforced, only the vtagnthtde of the maximum moment, 
irrespective of the sign, is necessary 
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PAPCf^ 


DDSIGN of COIyUMNS 


''ith dirccoSJt t^eslRne(^ fot bendmg momeat 

b3 AWb /SL/ «=ethe method a 

litres ^ umr Berechnung \on r ’ ' 

mcs ^35 to z6()} and use his cuiyes 


given m^thr'table^on sections are to be designed 

tno altornatjve section is to be designed 

^iiornatire cases m order to find out the v^orst one 


COLUMN (r; 


Section 

« Bending moment iir^o i 6 foot tons 
AM thrust ,V-n i6o tons 

>: toe cZ“ 


for cove7(unt„'’'eT' »<=*'=t»S r- 
and using the seme iioTt*^^ reinforcement). T 1 
i. me some notations as Morsch I 

r-45~i~35' 1) 

if-9'. J 


-Hr/ 

"^^=039 d 



thoreforft itc*& 

sury apjjroxjjuate corrections^k^te^/n^ '?=0 42 /f and then nnhetheaece^ 


— jari 

Eccentricity c«i!£- ^ i6x 


a t6^ ^ * 


Thus the ^cs2jJi'tfT(t rs 
Sion Will "be developed Passes through the middle third and hence c 


Drrect stress = _ 

_ 9 X I3 "" 'P44 8 pounds per square inch 

®“‘iO“”“^“'-^of tie section 
«^_12x 8x 


bending stress = 


=*• 162 in * 


lbxi2X2:?i^o 


maximum stress=+/ 

and mmimum stress =. 4 ,/^ b) » +7^ ^ pounds per square 

The stresses are t?r„ ^ ~ ^<5 6) = + ifi 2 pounds per square lod 

««stary. ‘iutve.;, w .md tieoreticofl^ uo «mforcem«. 


‘llicll 
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DtStGK OF C 0 I. 17 MNS 

The coUinnis ire to be designed for bending niomcat 
ujth direct thrust For this purpose t\e«hall use the metboi- 
6> ^forsch (Fntwurf und Bcrechnung \on Fisenbetoabiutea 
I pages 235 to 269) and lice Ins curves 


The design data for uhich tlie <ectiQiis are to be desigaed 
gi^eii m the table ou page 125 Hach section is to be designed 
tno alternate e cases m order to And out the ^orst one 


COLUMN (ri 


Secitou — 

(1) Bending moment ** o 16 foot tons 
Corresponding thrust 160 tons 
All the members are 9' thick deducting 
cover (upto centre of reinforcement), 
and using the same notations as Morsch 

-35' 

if- 9" 







Eccentricity 

<V 476 =09- 


=.on wm "bVde^doplr ‘“'“S'' “““ 

Direct stress = -l X 2240 _ , h 

^ — = + 44 8 pounds per square men 


2 of the Section 


,^„t2xSl 


* 163 m * 


6 ~T“ 

bending stress « X x 2240 
^ 162 

, ±26 6 pounds per square inch 

.. aasimum .tr«3= +(4, 8+c66)» +yt 4 pounds per s,»«< 

Tic 1 “““ 6)- +« « PO“^= P« "i"" 

*iftcessary low and theoretically no Kiofoxc^^ 
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DEsrCiV or coeuaens 

The colimiiis ^re to he designed for bending moment 
with direct tJirust Tor this purpose i\e shall u^ethe mctiiooai 
b> Morsch (I ntvuirf utid Kcreclinung 'von Eisenbetonbanten 
I ptges 235 to 20g} nnd use Ins cur\ es 

The design diti for «Iitch the sections are fo 
gi\en in the tTble on pige 125 3 nch section xs to be des 
tx\o altcrmtive cases in order to find out the i\orst one 


COI/UMN (1} 


Srcfiofi 

(r) Bending moment Jf^oi 6 foot tons 
Corresponding thrust iV-2 160 tons 
Ml the members arc 9 thick Deducting 
I for cover (upto centre of reinforcement) 
and using the same notations as Aforsch 

e^45^X -35 
d -9 

e^ 3 ^d=o 39 d 



We shall therefore use cun es for e=o 42 d and then mat.e 
sary approximate corrections later on 

Eccentricity 9 " 


Sion i-esultaut passes through the middle thud and hence i 

siou uill be developed 

Direct stress^ = +^4 8 pounds p« square inci 

Section modulus ^ of the Section 

i2x8r 

6 “-g — 162 in * 

bending 5 tress=;^il^~^ 16x12x2240 
^ "'’“"162' ^ 

=s ^26 ^ pounds per square inch 
«aamu« stress^ +(44 S+26 6) = +;l 4 pounds (*r 
and muiimum +(44 8-26 6 )= +18 2 pounds pat aq«>t< 

necessne^ stressts are thus very low and thwiaticnUy no rein/oroa* 
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COLUMN— ( 2 ) 


Section 

(i) Jl/=i 49 foot tons| 
^=2 371 tons I 


We shall design the section using cun es 81 (Morsch) 1 e withsym- 
metncal remforcemcnt 

where ^==0^2 if 

Oe =1200 kg/cnr or 17050 Ibs/m* 

M 


■££. 49XI2X 2240 


bi‘’ 


- =49 7 Ibs/sq in 


TJTSl = Ibs/sq m 

= 29 kg/cm* 

371x2240 
bd 12 X 9 

=3 49 kg cm* 

Using curves 81, 

Ob =stress m concrete=34 5 hg/cm* 

= 490 lbs /sq m 

/*=o 15 per cent 

F.=F, ^5x12^9 

100 

= 0 162 square inches 

With steel stress at 16000 lbs sq m and e=0 3gif, F,=i*‘,~oi62 


16000 


039 


— o 186 square inches 


0 rSfi see that at section B, with design data No l we require 

square inches of steel on each face 

(2) Jlf = 1 28 foot tons I 
^ = 1 585 tons I 


Using curves 81 1 c with symmetrical reinforcement — ^ 
iL _ 128x12x2240 „ , 

liVHi = 35 4 Ibs/sq m 


JL. a- 585 X 2240 

12 X 9 


=2 49 kg/cm* 
=32 9 lbs /sq m 


From curves 
Ob -stress in concrete 

/* = o 15 per cent 


=3 31 kg/cm* 

=295 kg/cm* 
=420 lbs /sq in 






co:.ar:- ^ 


B 




JiTssrr S'r-itrt:^') 
.V«rr^ icc? I 


Crs^ th« 

trbE:? 

r< ^ijoo ks^ cir* 

=.. .. 

t:- u^^t ’ 

= 2-^ 

=.427 IWS^ Ml 

W 12 >. O 

= 3 49 kg cnj* 

tsi^crrrcs £ 1 , 

~ sticks m cor>?rfte=^ J4*5 k/ « UJ 

= 490 lbs Mj i>i 

p^Q 15 per cent 

162 'iquare mc)Mt 

With steel stre^ at i6c»oo Ib=> sq m / 

Hence we "^ee tiiflt at 
0"l86 Square inches of steel on eacjil 

(2) = 1 2S foot tons^ I 

N s= i* 585 tons ) 

Using cnn « 8 t . « . 

_ I 28 > 02X3240 j= 35'4 Jbs /5q ifl 

bd^ ~' iTxHi 


N 

W"’ 


From curves, 
Ow = stress 


249 kg/cmt 
1385x22^ =3291^5 SqJA' 

=2 31 k^/cm* 


w«»cr«.»i!9 5lgto> 

=420 Ibs./sq. ic,, 


12x9 


fi ^ 0 J 5 
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F, = F', 

— £. ^5 — Q j 52 square inches 

100 ^ 

The above area is obtained on assuming steel 
stress = 1200 kg/cm* or 17050 Ibs/sq in and c = o 42 d, 
with steel stress at 16000 Ibs/sq m and ? = 0 39 rf, 

F = F/~oi 62 X X ^-^=0186 square inches 

16000 039 ^ 

Therefore according to design data No 2, we require 0 186 squat® 
inches of steel on each face 

Taking the two cases mto consideration (data no l S. 2) we require 
o 186 square inches of steel on each face, at Section Bj 


Section G, : — 

(i) M = I 78 foot tons I 
N = I 501 tons I 

tJsing curves 81 (Morsch) with sjmmetncal 
where e = o 42 d 

and c« = 1200 Lg/cm’ or 17050 lbs /m * 

M _ I 78 X 12 


U- iJxSi =■'5 = /“’ 

=3 47 kg/cm* 
N 1 501 X 2240 , 

=31 1 lbs /m'. 

=2 19 kg/cm^ 

\Jsing curve no 81, 

Ob = stress in concrete= 32 5 
H =0 255 per cent 


reinforcement. 


F, = F,' = }J)d — _ jj 2 j,- square inches 

With sted stress at 16000 Ibs/sq m and ^ = o 39 d. 

F. - F.~o 375 X Iggx ^-o 316 square .ucbes 

From the above calculations we see that according to d^^’^ 
data No i, at section Gj we require o 316 square inches on each 1 
per loot stnp ol wall 


We shall now calculate the reinforcements accordmg to design 
data No 2 

(2) Af =5 1 24 foot tons ] 

^■=0 715 tons ( 
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(a) Ucjog cuncs St, for rcinforccnjcnt, 

*V 1 24X12 X 22 p „ , 


071 5X2240 
M 12x9 


*-242 kp/cni* 

14 S U>< m* 


“i*0| kR/cm^ 

From carves 81, 

cjt=<trcss in concrete = 25 kp cm* — 327 lbs 
/» =0 2 percent. 


m*. 


— /'W _o 216 square nicJics 

With steel stress at 16000 lbs m * and e-ojgrf, 

0 ’ 2 i 6 x^J°^° o 24S square Indies 

iDOoo o 39 •» 1 ^ 

Taking the two eases into consideration (data no i and 2) we 
require at section G^, 0 312 square inches of steel on cadi face of the wall. 


design or 

TOP IIOKIZOSTAI, MESIHEBS 

MEMBER (6) 

W Seclion at a distance of 4 feet from ‘E’ — 

Maximum moment — +3 27 foot tons per foot strip of slab 
Total thickness of slab = 9' 

Deducting 1" for cover upto centre of reinforcement, 
effective depth 11=9 — 1=8'’ 

3 27x12x2240 pounds per square inch 

12x64 . 

Prom slide rule, stressing the steel to 16000 pounds per square men. 
Stress m concrete = 670 pounds per square inch 
and /I = percentage of steel =0828 
area of steel 
_ o828x12 x8 
“ 100 

=0 795 square inches 

(6) Secliov at a distance of i'-aY from G.xe. just at the end of the 
haunch — 

Maximum moment - - i 6 foot tons 
3 f ^ I 6x12x2240 „ 56 pounds per square inch, 

M* 12 X 64 
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(6) Sechon ai the unite, of the span — 

Maximum moment^ +i 94 foot tons 

M 1 94 X 12 X 2240 , . 

-^68 pounds per square inch 

Prom slide rule stressing the steel to 16000 pounds per mch 
Stress in concrete=482 pounds per square inch 
^=0473 percent 

. 0473X 12 x8 , 

= 0 454 square indies 

(c) Section at a dt stance of 1 —44 from C,te , just at the end of the haunch 
Slaxtmum moment =- — i 64 foot tons 

M I 61 X 12 X 2240 , . 

- 57 5 pounds per square inches 

From slide rule stressing the steel to 16000 pounds per inches 
Stress in concrete =- 435 pounds per square inches 
/i =» 0 396 per cent 

. o 396 X 12 X 8 o < 

o 38 square inches 










3 NO. 9. 


half plan of TOPS! a B 

lof/GL ^F/VfORCeiwmrsi 


^ Of fiOAOwAY 


HALF PLAN OF BOTTOM ^LAB 

(SHOH 'G PORTiOHS or HFT^l 
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mmtrns by Dr M A KornI (Calcuiu) 

Mr Clumbers admits that the cnllip«<* n| the lOo feet «pan open 
landrcl arch bridRc, t\is due iinforititntcU to the l\pe of hnil^c which 
f Dui he docs not t^II ns wli\ this {nrticnhr 

pweel to b* «o unfortimiie <ccinj; lint he is cotnplclini; i 
aiilar budge o\er the Tcc^la Rncr <oinc 14 miles distant where the n\cr 
inditions are cx3cll\ tlie same c^,lhe hill stream efievts such ns the 
pia nseof the water (whicli ts often ns miKh ns 25 feel within two hours) 
^°“*^^^*tce of flontmg timhcr Mr Clinmhers nnswer to this point 
1 1 I am sure, be that although the snpcrsitiicture of the«e tvvo bridges 
e the same, the foundations of llie Senohe Dridge were different 

The foundation of the Sc\ohc Bridge was a shnllow and hollow 
stem winch could be adopted for a roail bridge iti a town somewhere m 
3rope, perhaps, where the risers arc, for the most part, harnessed 
great deal of expense would base been saned if the authorities had at 
tir disposal the ser\ ic<*s of a consulting engineer w ith experience m 
he oni\ fixit) of such an abutment 
the bottom of the abutment and 
was borne out bv the weight of the 
un nllmg As soon as the earth filling was washed awa>, the thrust of 
* sreh moaed the abutment and the bridge toppled as illustrated m 
etch below 



In drawing No i showing the site plan without scale or othw 
Planatorj references ' ‘ arch 

‘dge was connected 
•verts or other outlets had prat uca Hi 

aras etc Although the author had a strong wammg at the time of 

nstruction when the staging was completely washed a«aj. 

ove to be a lesson to him and neither was it the fi^Uor at t me of 

e construction of the Anderson Budge o^ er the Teesta, he built a 70 

Jt span bridge on the same rwer, traces, of which 

•er a Qood which occurred shortli following its 

r this was perfectly clear, but the strong forces of Nature were bramed 
eaUyajsl^arn by our mistakes and the mistakes in this case were not 
ade from a lack of knowledge of how to ''»th stre-<« due to aertical 
ads for these matters are dealt with sufficientlj in textbooks But 
icse mistakes wTte due to the lack of a careful analyses of the Natural 


m 
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Forces as borne out by the local conditions and these are not found i 
text bookb There are reinforced concrete bridges built in India h 
Nerbudda Bridge which is submersible to a depth of overdo feet ab< 
bridge level and when the flood subsides the bridge although found 
loaded with trees remains undamaged Tins is not a result of luc 
due to the foresight of the designer u ho took all the severe natural 
into consideration 


Although I personall) , did not witness the action and position 
collapse of the bridge the description tallies with the forecast I mac 
private letter to 3 Ir G Walton Chief Engineer of Messrs Bird 
before the collapse of the bridge see sketch on page 133 

I would also like to mention that Mr Chambers had put fc 
another t>pe of bridge which was not accepted bj the Chief Engini 
the department This design was similar to 1 bridge built b: 
Chambers overa'jhora near the Teesta Bridge This jhora 
has been perfectls satisfactorj although the stream is \ ery unrul) 


Mr Chambers has put up a new bridge according to drawing 
and claims that the following conditions were considered when desi 

(1) Stabilisation of the stream 

(2) A possible stoppage of timber 

(3) Cheapness 


The author has drawn a veil over the third item b> telling m 
the cost per square foot of elevation area (between the road level an 
bottom of the foundation) has amounted to an average of Rs 
Calculating ue find that the elevation area is 340 x 32 ** to S80 squa^ 
and at Rs 72 per square foot the cost works to Rs 783360/ 
an exorbitantly costly bridge f A normal bridge of 10 feet spai 
feet wide ind 340 feet long with roadway approaches foundatumi 
would have cost Rs 61 200/ only We may say i lakh but not o 1 
I et us assume that I misunderstood what was meant bv the authi 
Front Elevation Area ar * *'ich are 21 ' 

34 or 7 140 square feet lo/ Ever 

figure Jb exorbitant I his stateme 


The design is an exceptional example of a bridge which will 
strange and revolting to most of ns From t!ie drawing it appears I 
double decked construction one deck serving as a foundation slab 
reminds me of the Vierendel System where the shear forces an 
active and predominant and many bridges of this tjpe even those b 
steel have faded totally 


At a glance the live and dead load bending diagram m Vr 
No 2 and Ivo 3 treates a ^atisfactorj feeling ^^d this is os Jwg 1 
10 feet box foundation or cofferdam foundation as the author c-ills 
re>»tmg on the river bed Eet us imagine a cour under the button’ 
01 the bridge somewhere about the middle winch will probabli occur 
After -ill a scour of 10 feet in a river which Js blocked bj piers 
, ''«fking out to 24 feet less passage wav from a 330 feet free 
and resuUmg in about 72% obstruction is cot improbable In «uch a 
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Torces as borne out " 
U'«t books There 
Nerbuddi Bridge ul 
bridge Ie\el and \\Jj 
I mded t\ith trees r 
due to the foresight 
into consideration 


Although I, p 
collapse of the brid^ 
private letter to 
before the collapse i 

I would also 1 
another t5pe of bn 
the department 
Chambers o; er a ' 
has been perfectlj 




Mr Chamber 
and claims that th 

fl) Stabihsal 
(2) A possibl 
{3) Cheapne; 

The author 1 
the cost per squar 
bottom of the fo 
Calculating ue fin 
and at Rs 72 - pi 
an eTorbitaiitl> co 
feet wide and ^^o 
would have cost 
I et us assume tlia 
Front Elevation / 
Or 7 140 square 
figure lb exorbita 



The dc’Jign 
strange and revol 
double decked coj 
reminds me of 
active and predor 
steel have failed 


At a glance 
No 2 and Nq ^ 

10 feet box found •.alls 1 

resting on the r „ ^ under the bottom 

of the bridge sorr Uie middle, iihich will probablj occur i 

^ a river which is blocked bj piers e 

and ^4 feet Jess passage way from a 330 feet free 

and tesuHmg m about 7 2 obstruction is not improbable In such a 
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y»tcm tmII be con\tttC(1 into a ^>Jrc Vrfcn !cl little^* a*’ I 
‘bear a< 'ho»T» in tbc •l^lc!l rp^’otiic tren cn ’o >» 'Jicif 

mfi« IS not a plea* ml on-* TJmNeciluc llm Itnc '!o ncnl it 
<Iab nhtch s'a’i *•0 u^^ful (of <b nini»’i nj Ih** rt‘Uivc IlcniJitif; 
lbetop«l3b lull l?e CO ixctlnl mlo ^ (vi»iti\c one inctci^jn:: 
‘oMtitc Uendmp Moment al lljt lop nitli nil il c ‘txerc con*f* 
a Irenicndous *hcar 

gi\c the author the crrilit of dealing lhorougbl> and 
Jv uitJi the designs, n thing which *0 min\ enginrers lu li»ln 
ncd of doing and we are much obltgetl to hini for *howing u? ibc 
bods of aoaIj‘ing a multiple frame con'lruciion which is \cr> 
; indeed 

to arrive at a Bending Moment of 2 72 fool lon< of 73 ^-U^ f*^^ 
iicfi easier method could l>e follov'cd 111 inch the Column ‘in’ilog> 
rhicb, though not a precise, unhtical method is still exact 
or a hndge construction of 10 feet 'pins l.vcn exact noal^'cs 
on some fl<sumptions which arc not c^intc m accordance with the 
Or example, “K ' in concrete IS a purelj conjectural figure It 
2,000000 or 3000,000 pounds per square inch just as >{)U like 
of Inertia “I" also lacks exact determination m concrete In 
es, It 15 advisable to vvoik with an *1" of concrete (inl>, or with 
ilent area of steel From this, however, it docs not follow that the 
ns of exact analysis are of no use or that thej do not approach 
» But a disptaj of calculation based on Sutcr s analjsis, vvhich is 
iressive, should reaU> be used 011 bridges with a greater span than 


je author had taken in Ins calculations as important factors 
he Bending Moments, the temperature and fhe braking aUccts 
lations of temperature have been taken as ^30 T The indiin 
Congress Standard Specifications prescribe a temperature range 01 
rees Tahrenlieit. (vide clause 13 g* page 16) Yet mspite of this the 
arrives at a total Maximum Bending Moment due 
iking of o 8 m a member called Gr (vide page 123) while a 
g Moment for dead and live load m a member I e G is equ^i ^ 
ot tons (vide page 124) fbis means that the brakmg an « 
ects are about 36% If this is so. what will the additional Bending 
t due to wind, seismic forces and water pressure (wlij . 

aken into consideration) be Why has the ai^hof 
ns, deration? If a bridge system involves 3 ^ r,r,fce miib 
ature and braking effects alone, even m one mernbef, 
economical one 


Important and very instructive items wl!?cli*' float 

1 and the W'^^nw^tion of floa^^^ tl,-,cu*'cd l>) tfyr 

m the monsoon jn enormous hulk w-v e 

r Have these items will he fndel.tcd to the 

r‘.?t .. .u,. ... S,...r 


I„c<,„c.„„on, I .nM,t .1-1 

rr":rr;^a i7o ks t*cllce tor Itonl IlfHp.in h W* OtH 

iiidarJ &i eciflrallon Ri‘U t/O / , /» in / m /* G »pr*t ^rtf I 
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Comments by Mr. E P. Nlcolaldcs (Bombay) 

Both in conception and design, the Se\oke Bridge is certainly 
unusuil and I should liLe to think Jfr Chambers for the trouble be 
has taken to v%nte for «s a paper on the subject The author is 
so nell knoun to bridge eTjr:mcers and has already to hts credit «o 
much interesting i\ork for the cause of reinforced concrete bridges 
in lodn that praise from me mil add xerj little indeed to his 
fame I trust he will permit me, honrever, a fen criticisms 
on his paper which I put forward with the hope that the ensuing 
discu<'sion nnj add something more -to our knowledge of reinforced 
concrete bridge design 

Cosl of Bridge The author has claimed that this design was 
an economical one, jet his statement does not seem to be confirmed 
b% the cost rate of Rs 72/- per square foot of bridge eleratioo 
given at tlie bottom of page 92 of the paper The average height 
from the bottom of foundations to top of decking is 30 feet so that 
the rate per running foot of bridge works out at Rs 72x30=2,160^ 
which is exorbitant A rate ten times smaller t e, Rs 216/- per 
running foot would be normal for a bridge on such a site 

Foundations Trom the structural features, the design of the 
foundations will be of particular interest to bridge engineers on account 
of their ‘^hallow depth in a sandj bed where 'scouring action ma) 
occur and may reach depths greater than the foundations 

It IS true that the contmuitj of the foundations offers a certain 
amount of safety against local scour, since — as pointed out by the 
author on page pr of the paper— the cofferdam walls are capable of 
acting as a beam spaumug the scoured gap 

On the other hand, it may be mentioned that, whereas the 
strength of the cofferdam walls is limited and can be estimated b\ 
the usual methods of design, the length over which scour mav occur 
IS definitely unknown and it may vary from nothing to as much as 
a hundred feet and over, in the 300 feet wide river bed of loose 
sand 

The expansion joints provided m the decking limit the depth 
of the foundation beam effect to the depth of the cofferdam w-all 
only, 1 e , to 10 feet 


Referring to page iir of the paper the load earned per running 
foot of each longitudinal wall is found as follows — 

Dead Load of deck slab, 1x140x20 «i40olbs/ft 
Dead Load of coping and railing, say 50 Ibs/ft- 


Weight of pier wall, 4 x 1930 

xo 

Weight of bottom slab, 10 x 0 75 x i x I50 
Weight of longitudinal cofferdam wall, 
925x075x1x150 
Weight of cross diaphgrani 
JX9 25X0 75X1X i5oxi^ 


=1920 Ibs/ft 
=1125 Ib</ft 
=1040 Ibs/ft 

« 965 Jbs/ft 
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ToUl C*C3 Mas 1 ftrl run - 65 o 11 < 

Tor the )i\c I 3(1, talc rj ; *nx 

100 ]b5*-] {t,te,{ :<^ tro^Ib< _ — — _ 

Total dead plt.^ Inc Ini I jk r fool run ;5oo Ib^ 

Uhen *cour occurs o\cf a Jff;:ib I* it til.cn tint the 

coSerdam naJJ ml} act as a c-<l Kan ‘panning the ^ap I. aiici 
cariying the above Joada 


The maumun negative bending nnirt'-nt at the fixed ends will be 
7500 L* 

32' 

’ On the oiijcr hand, the rc^i^tancc moment of the TOncretc m 
the izo” decpxg' wide bean formed bv the coilcfdam nail 15 

135x9x115*'- lO.ioo.ooo inch pounds 

(the elective depth is tabcti as 115" permissible stresses 

750 lbs and Z6000 Ihs sq m with m = i 5 ) 


With this resistance moment, 
the coherdam uall can ^pan as a 
equation 


the maximum length I, over which 
fixed end beam is given b> the 


100,000 m lbs ic, L'-^bfeet 

12 ' 

h ,t possible to predict rr.th safetl that the scoured length 
^ill not exceed at au> time -^0 fect^ 

, rt may bementmned also that the tensile retnforeement reqmred 

lor this beam is — 


r 6 10 0 OOP _^io I square inches 'a>, 10 Nos i l S' bars 
j6 000X0 Spxrrs " . . , . jjs it can K <ce« 

i this does not appear to be ^ Ttauei 

m the detailed dravvmgs attached to t e P P 


Dest^n of superstructure The '’"'aI u\^ ‘be 

>«its for de 4 mng the framed ihvt Miovcnirnis 

Uhor on page g 7 of the paper, tins t . uot i»x tran'I'H n 

He icnS are’pott'We,fo rota 10, onl'^ .,„„nrl.l. .l •IMK 
f«s condition would be tw ' mmliU b n'cver, 

ire s>mmetrica)Jv Joidul |‘‘ ‘ «’!'> T « ict 

re fulfilled b> the ,,,K ^' n 

^ese exact cquitbm^ ' ' 
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■jifiiihr f»irm to tljf- null knonn eqintion of j moment:? of contmuona 
buims iml th« re-olijtion of tht: litter systems of eqintiona dotii not 
cnt III more u ikiihtimj nork than the methml giv en the author 

n» »if<lmg the Liluilntioii of the fiud pomK the forrnuhe given bv 
thi mlhor cm bi cmdi 0‘=etl mto the folloumg eqintmn e,Tprt?‘-mg the 
f ii t tint tht re !•> no cinnge of angle between tlie members adjoining 
ott to a nodi 



It will be nt>timl tint tin*' eiimnon n i relitioii between three 
wwkwwvn Irw^thv wvwuJv i„ i„ mil 6^ ami to find one of tltcm 
•'i\ / I It mcp‘-u^ tn tK in ulnijcr the nluea of the two 

otlirr** I ** iml b^ 

1 or ibi*' onkiihttoiJ the iijfhor has 'elected m adinncs the 
\ ilne-< of — 

b 

rriU 

\\ «■* ft. 

b ^4 oS ft 
-md ^ ; 40 ft 

and fron the c \aIu-< he In* ie*hiced with tiie above formula, the 
ut^'ance-* of the liaisl point' 

a, =». ^0 ft , 1 j=»j ft , ai,-a 47 ft. 

To.- t’ e ot’ er rr''nt< a j and further tn t* e right, he acc-pts 
*J e •atre ralue of .4,- fe*t and furtlier he lav’s dowm bjj=*a„=n 4 r 
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on grounds of s>mmetry This sjmmetr>, however, does not appear 
to exist, since for the other fnmes to the nglit of number 15 (vide 
sketch on p'lge 9S of the paper) the vertical posts continue to de 
create in height from hj-i?feet to h- 15 feet at the end of the con 
tinuous unit of eleven spans considered by the aiitlior Having made 
this in exact assumption of sj inmetr) , the author proceeds to calculate 
backwards the valuesof— - 

a,=>4 86feet b„-2 48feet a^=4 97 feet 

2 47 feet a, =508 feet b,j = 2 47 feet 

3j = 5 IQ feet ^i — 2 47 feet 

At this stage, the autlior makes a third assumption of (vide 

page 105 of the paper) and on the strengtli of it lie calculates 

a, -5 30 feet and checks the values for a,, and bj adopted at the 
beginning of the calculation 

The assumption of amounts to accepting b,, aj,=2 47 feet 

and I cannot see any reason for this assumption except that it helps 
to justify the value of a,, = 2 4ofeet adopted by the author at the 
beginning 

The author's formulae can be used al'o to check the values of 
bj bj, b^ and bj but the results do not conSrm in this case the 
values originally adopted by the author for these fixed points In 
the same way, the fixed points in the top horizontal member of the 
frame calculated with the formulae and assumptions given in the paper 
will be found different from tho'e of the bottom horizontal member 

As for the check for a,, I find that this would give equally 
good results if one assumed at the bi ginning for b^ b b, and b, 
values different from those given by the author namely b^ = 6 feet 

b, = 5 8 feet b, - 5 6 feet bj 54 feet with a j 2 40 feet On the whole 
the calculation of these fixed points appears to Jack precision and 
requires a considerable amount of calculating work 

For the calculation of the bending moments the author has 
given on pages 96 and 97 of the paper formulae relating to the moments 
in the various frame members joining on to a node Thes-* formulae 
express the condition of equilibrium of the node vtz that the sum 
of the moments in all the members at the node mu't be ml According 
to this condition the dead load moments 'hnuld satisfy the following 
relations at node G (vide sketch on page 98 of the paper) 

Mc, 4 -Mc:=Mc, 

In the table of dead load moments on page IT2 of the paper the 
author gives Me*" 1560 ft lbs MojJ — 85 ft lbs and in order to 
'ati-fy the above relation Mo, should be equal to - 1560-83 = - 1645 ft 
lbs Yet the author m the same table gives Mci lbs 

In the same way at node B, we rou't have Mb,, 4 -Ms,- Ms , 
but Ma„-fMB2- -2710+70 —2640 ft lbs and Mb,, is given by the 
author equal to —2893 ft lbs 

I have calculated the dead load moments in the same system 
by the exact method outlined above and the table below gives the 
results together with the author’s figures for comparison. 
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DEAD LOAD MOMENTS 


At 

By the elastic tlieorj 

As calculated bv the author 

A, 

nil 

ml 

r, 

nil 

ml 

B, 

+394 ft lbs 

+70 ft lbs 

G. 

-285 „ 

-85 „ 

c, 

+ HO „ 

ml 

H, 

- 156 

ml 

F. 

ml 

ml 

G, 

- 967 ft lbs 

-1560 ft lbs 

G, 

— 1252 „ 

— T490 .. 

H, 

“I031 „ 

-1040 „ 

A,i 

“2570 , 

-3130 .. 

Bu 

-3497 .. 

-2710 „ 


-3103 .. 

-2893 „ 

Cu 

-2941 

-2850 „ 


It will be seen that the exact moments in the \ertical members are, 
in cases almost 4 to 5 limes greater than those obtained by the 
author, in the honiontal members of the frame, there are differences up 
1030 percent between the authors moments and the exact figures 
Adniittedlj the moments are, m any case, small m this bridge and 
the errors mentioned abo\ e nia> not affect the strength of the structure 
since the final ‘sections adopted are determined from practical considera 
tions and are stronger than the calculations would require Tor greater 
•^pans however, the authors method of fixed point would appear un 
satisfactory 

In connection with these dead load moments another important 
point has not been considered bj the author, fhe upward reactions 
of the earth under the bottom horizontal member of tlie frame have 
been taken as uniformly and equally distributed right through all the 
bajs Should one or more ba\s scour out the upward reactions m these 
scoured ba>s will be nil while m the adjacent non scoured bars the 
earth reactions will be increased In this case the worst conditions 
of loading for maximum positive span moments and for maximum 
negative support moments will be somewhat as shown on the sketches 
below 


Coudilton of loading for maximum positive span moments 
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For these cases of loading the bending moments m all member- 
particnlarh in the bottom honzontal and the \ertical members of 
the frame «:tTnctare will be found up to lOo per cent higher than the 
\ aloes for which the author has actuallv designed 

The procedure for calculating the I^-e load moments is not fnlK 
detailed m the paper but as pre unnbh tlie same method of fixe^l 
pomts has been used the same remarks as for the dead load would 
apply in this ca'e al^o The loading being applied on single ba\‘s at a 
time, the approximation of the 6xed point method will be found 
in this case to be much worse The distribution of the earth reactions 
under the bottom horizontal member appears also to be entireh m 
determinate for such loading ca^es audit would be interesting to know 
the author s \ lews on this point 

For the calculation of temperature and braking effects the author's 
formulae are not explained in the paper In these effects the oul> 
cause of deformation of the frame is a horizontal translation of the 
joints which is contrarj to the second assumption made b> the author 
on page 97 of the paper and I cannot see how it is possible tn these 
cases to calculate or use anj 6xed points m the \crtical mcnibcra 
The temperature moments of the frame calculated bj the method 
evolved from the Elastic Theory are found almost sixtj per cent of 
the values given by the author 

On page 121 of the paper the author gives the formula 
Pi”Qt/*ittan a)±G tana 

as expressing the braking force This statement appears Incorrect 
The formula as used by the author gives the tangential reaction of 
the vehicle wheels along the decking while the vehicle is running amt 
not when the brakes are applied When the vehicle is moving, the 
friction between its rolling wheels and the road surface Is very small 

and the coefficient of fnction / 1=^ by the author would appear 

to be acceptable When the brakes are applied however, the vehicle 
wheels arc not rolling an> more but they are skidding on the road 
surface la this case the fnction coefficient bctucen the t>rcs and 
the road surface increases more than ten times and the tangential re 
action increases proport lonatelj. Adopting a friction coefficient /»»-0 25 
for the latter case the braking force would be 
r, *=* Q/*! - 4 X 6 X 0 25 - 6 tons 

against 1 2S tons adopted bj the author I may mention that the 
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THE tSE or SOIL STABILIZATION IN THE IIETAI I ED AND 
UNMETALLED ROADS IN INDIA— II* 

Bj 

S R "MEirRA amice 

Exectiitve Eugtneer III I ahore Proiiuctal Dntsion Lahore 


The object of this paper is to place before the Indian Roads Congress 
the results of the writer s further efforts to make the use of Soil Stabihza 
tion an economic success m the countrj this paper being a continuation 
of the one beanng tlie same title and read b^ him at the Calcutta Session 
m rebruary 1939 

The experiments embodied in the paper referred to abo\ e led to the 
follow ing conclusions — 

(fl) The use of common salt for the purpose of retaining moisture m 
• a stabilized road crust becomes frmtiess in the dry summer 
months in the plains of the Punjab as the humidity remains 
\ er> low for long periods 

(Common salt was tried in preference to calcium chlonde because 
of the possibilitj of getting impure salt dutj free at a very cheap price at 
the quany and of railing it down at concession rates ) 

(6) Although a stabilized soil after it has been compacted by means 
of a sheeps-foot roller at optimum moisture is able to withstand 
the static load of a bullock cart or a heav’y truck it is unable 
to resist surface abrasion for anj length of time unless some 
granular matenal is incorporated into it 

Keeping the abov e two conclusions in v lew the following experiments 
were tried out — 


EXPERIMENT I 


Stabih''alton of the Unmeialted hnk road to hot Lakhpat Ratlvay 
Station from mile S of Lahore Eero epur Road 

This link road is a portion of the Distnct Board road leading 
to Raewmd and m addition to heavy goods traffic from Kot Lakhpat 
1 ailwav Station it carries a fair amoant of mixed through txalSc This 
link is also used b> adiommg brick and lime kilns 

The densitj of trafEc on this link vanes from time to time dependmg 
on the receipt of building matenals etc at the Railwav Station and the 
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All the above tests have been described already in my paper referred 

to in the beginning and it is therefore considered 

unaec^sar> to repeat 

them here 


The laboratorj analvses of the various samples and mixtures, Melded 

the following results — 


[a) Road Soil Section i — 


Retained on No 10 sieve 

= I 00 per cent 

Passing No 10 but retained on No 40 

= 5 50 per cent 

Passing No 40 but retained on No 200 

“ 30 50 per cent 

Passing No 200 

«= 63 00 per cent 

Plastic limit 

«rg25 

I/iquid limit 

=26 So 

Plasticity Index 26 So minus 19 25 

« 7 55 

(&) Road Soil Section 2 — 


Retained on No 10 sieve 

== 0 00 per cent 

Passing No 10 but retained on No 40 

=> 2 00 per cent 

Passing No 40 but retained on No 200 

=25 20 per cent 

Passing No 200 

1= 72 So per cent 

Plastic limit 

'=X3 5 

lyiqmd limit 

«23 2 

Plasticity Index 23 2 minus 13 5 

“ 07 

(c) Road Soil Section 3 — 


Retained on No ro sieve 

=> 9 30 per cent 

Passing No 10, but retained on No 40 

^8x0 per cent 

Passing No 40, but retained on No 200 

=25 50 per cent 

PassmgNo 200 

=57 XO per cent 

Plastic limit 

= 157 

Liquid hmit 

= 239 

Plasticity Index 23 9 minus 15 7 

82 

(d) Sample oj dayey Soil half a mile au>ay from road — 

Retained on No XO sieve 

»= 0 00 per cent 

Retained on No 40 sieve 

« 0 00 per cent 

Retained on No 200 sieve 

“ 14 80 per cent 

Passing through No 200 sieve 

«=»85 20 per cent 

Plastic hniit 

“15 2 

Liquid Limit 

-283 

Plasticity Index 

-136 

(e) Sample of clayey Soil on the road side — - 


Retained on No Jo sieve 

— 0 00 per cent 

Rctamed on No 40 sieve 

— 0 00 per cent 



Paper H— 40 


139 


Retained on No 200 sieve 

«=H20 per cent 

Passing No 200 siev e 

- 88 So per cent 

Plastic I^imit 

= 192 

Liquid Limit 

-43 5 

Plastiatj Index 

-243 

This sod v^as selected for admixture due to its high plasticity Index 

Sample of sand from the Canal Dtslrthulory — 


Retained on No 10 siev e 

= 0 00 per cent. 

Retained on No 40 sie\ e 

•== 13 00 per cent 

Retained on No zoo sieve 

6g 00 per cent 

Passing No 200 sieve 

=* 16 00 per cent 

The mixtures ultimatelj selected were — 

(0 For TUF foitndvtion connsE — 

(a) For Section I 

Top Soil 

*^65 percent 

aa> 

— 10 percent. 

Sand 

— 25 per cent. 

(6) For Section 2 

Top Sod 

=75 percent- 

Sand 

—25 percent 

(c) For Section 3 

Top Sod 

- 65 per cent 

Clay 

— 15 per cent 

Sand 

— 20 per cent 


(u) ror nir wiatisg — 

(a) Fcr Seciton j. 


Top Sod 


-53 percent 

Clav 


— 22 percent 

Sand 


-25 percent 


(h) For Section 2 


Top Sod 


—50 percent 

Ciav 


— 25 per cent 

Sand 


— 25 per cent 


-55 percent, 
-35 percent, 
—30 percent. 


Top <o,) 

Cla^ 

Sand 


(f) Fcr Sfciifin j 
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The principle underlying the design of the foundation course has 
been, to keep the clay content rather on the low side, so that, x\ith ^e 
increase in its moisture content dunng rainy season, there should be no 
softening of tlie foundation due to excess of cLi> 

In the case of the u eanng course, howev er, the cla j content of the 
soil mortar had to be kept comparatively high, so as to allow of its getting 
sufficient!) hard during the dry weather to hold the granular roaternl 
together and thus to giv e the weanng course both structural stabihty and 
n eanng quaht) The idea is to have so much ch) in the soil mortar, 
that on getting wet, it will expand sufficiently to fill up aUthe\oidsin 
the crust and thus make it impervious to water 

In Section 2 the mixture was puiposel) designed with a large excess 
of cla), the idea being that when the crust gets soft during wet weather 
due to excess of clay, sand would be mixed mto it m controlled quantities 
till It starts behaving perfectly and thus tlie optimum mixture determined 


MATFIUAM 

Clay —The clav with a Plasticit) Index of 24 3 was selected. In its 
dr) state this clav was so hard that it would be \er) difficult and expen 
sive to dig it out and to break It up The source of cla) was therefore 
flooded and the water was allowed to stand over it for a couple of weeks 
When the water all soaked in to a depth of about 3 feet and tlie top 
started to dr) off, the moist day was excavated and broken up at the 
same time with the backs of the spades, before carrjing it to site, where it 
was furtlier broken with wooden "thapis'* before stacking 


Sand — Sand was taken from the bed of a canal distnbutary about 
2 miles away It was actuall) the material obtained from silt clearance, 
and m order to make sure that the sand carried to site did not contain 
too much silt several rough sieve tests with a No 200 sieve were taken 
bv the subordinate m charge at the various heaps 


Granular Material —(«) Crushed Bncks Well burnt brick was 
crushed by hand m an attempt to grade it from J inch downwards The 
hand breaking left about 25 per cent stuff over r inch size Tins was 
screened out and recrushed under a lo-ton roller, b) sprinkling it on a 
tarred surface, vide figure 4 

The grading of crushed bnck as ultimately obtained was — 

By weight 
« 2 2 per cent 
s=22 5 per cent 
=47 I per cent 
= 15 o per cent 
=a 12 r per cent 
= 17 per cent 


Retained on i" screen 
Passing i" screen but retained on | ' screen 
Passing £ 'creeu but retained on g ' screen 
Passing 3 ' screen but retained on y screen 
Passing ‘screen but retained on | screen 
Passing y screen 



I’APER H — 40 


1^1 


The gnidmg aimed at was — 
Ketatned on 1 screen 
Ketamed on ] screen 
Pa'smg 3 but retained on ^ 
Passing t. but retained on ^ 
I’assing I but retained on I 
I’a«smg i screen 


B} V eight 
= o per cent 

=15 per cent 

screen —30 per cent 

screen « 25 per cent 

screen »=» 20 per cent, 

« 10 per cent 


(b) Crushed Kankar The locallv available vnnetj of larikar tt the 
pea kanJ ar ^as used and the follonmg grading was obtained ba beating 
It down w ith ‘ lathis 


Retained on i screen 
Passing i' screen but retained on f screen 
Passing J screen but retained on i* screen 
Passing screen but retained on screen 
Passing J" screen but retained on J screen 
Passing I' screen 


By u eight 
= 27 per cent 
=^3 5 l’<?r cent 
“ 42 5 per cent 
iS 2 per cent 
= 15 I per cent 
= 83 per cent 


The grading aimed at was the same as m the case of crushed brick 

Tlic grading obtained IS not \ cry satisfictorj and hand crushing is 
also very expensive It is proposed to tr> out portable tiiechaiitcnl 
crushers 


1 luici UURL 


Barth Filling — Except 111 a length of about one furlong where there 
was upto 3 feet of ban ' lies In tlic portion 

with high bank the 111 layers of 0 Inches 

and the coohes carrj ► walk on the bank «;(i 

as to go on consolidating it 


preparation of Foundations — The foundation was watered and rolled 
and prepared to a camber of l in 40 figure 5 


Fcurdation Course — The top sod sand and chy were mixed dry 
outside and sp’rad on the road (central 9 feet onlj) in the requirerl 
thickness of 5 inches loo<5e, after the rest of the formation had b^en filled 
up with 5 ind es loose top sod watered and rolled f gnre 6 

The optimum moisture was then added to the mtxtnre by dividing 
the evenK dressed Ioo<e drr mx*are, into suitable size 1 ' jti mj o- p- 
tiou'* *0 that each k jn wouM ta^e one o” t to mash ik fatU of 
The water th»,> added in the even 3 g was a’ awed to stml oie' 
and in the ea-Iv tno'mng when it had cLsp-'j.ed itse ' th' ,.g i tl e 
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the soil, it was mixed again by spades and dressed The moist soil was 
then roiled with a sheeps foot roller drawn b} a pair of bullocks figure 7 
and finally finished off with a 5 ton roller 


IVeartng Course — Berms and Centre Portion — The 2} feet wide 
shoulder on each side was first filled up with top soil watered and rolled 
Then a width of 3 feet on the inside of each shoulder was filled to a depth 
of 5 inches with the sail mixture for the berm mixed dry The central 
portion was then filled m with a dr5 mixture of top soil sand, clay and 
crushed brick (or kankar) to a depth of 5 inches, figure 8 Out of the 
crushed brick (or kankar) however about lO per cent of the total quantity 
was kept aside for use on the surface This was generallj small sue stuff 

The central portion and the berm were then divided mto convenient 
sized partitions each of which would require a whole number of mashaks 
for its optimum moisture vidt, figures g(n) and 9(&) The water was 
allowed to soak through over night and the mixtures turned o\er with 
spades m the morning 

The 3 feet wide berm on each side was then compacted with sheeps 
foot rammers vide figure 10, till the feet of the rammers would not penetrate 
more than inches mto the soil mixture The requisite quantity of 
crushed bnck (or kankar] was then spread over the loose soil, and mixed 
up with it by means of rakes 

The whole formation width of 20 feet was then rolled once W'lth a 
5 ton roller After this a mixture of the small sized stuff saved from the 
granular material and fine clay m equal proportions was spread over the 
15 feet width in a moist state The rolling was then completed 

Rolhng —The roller was run at an angle of about 45 degrees all the 
time (figure ij) so as to a^oid any possibility of cross corrugations which 
can easily form in a construction of this type and help to cause 
dis integration of the pavement 


Curing — The finished surface was sprinkled orer with water twice a 
day for a week so as to prevent damage by the roller or any other 
constructional traffic passing over it in its early stages of incomplete 
compaction 


Final compaction under ira^c — On completion the whole road was 
given a thick sprinkling of water and next da> when the surface looked 
moist but not wet, it was thrown open to traffic. 

For a penod of six weeks a sprmUmg of water was given to the 
road everj day towards the evening This completed the final compaction 
of the road under traffic— the last but the most important stage in the 
construction of soil roads 


Cost of ConUrucUon —The statement in figure 12 is a copy of the 
rev ised estimate for the work. Living the cost as originall} estimated for 
and os actually incurred 
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the soil, it was mixed again by spades and dressed The moist soil was 
then rolled with a sheeps foot roller, drawn by a pair of bullocks, figure 7, 
and finally finished off with a 5 ton roller 


IVeartiig Course — Berms and Centre Portion — The 2j feet wide 
shoulder on each side was first filled up with top soil, watered and rolled 
Then a width of 3 feet on the inside of each shoulder was filled to a depth 
of 5 inches with the soil mixture for the berm, mixed dry The central 
portion was then filled in with a dry mixture of top soil, sand, clay and 
crushed brick (or kankar) to a depth of 5 inches, figure 8 Out of the 
crushed brick (or kankar) however, about 10 per cent of the total quantity 
was kept aside for use on the surface This was generally small size stuff 

The central portion and the berm were then divided into convenient 
sized partitions, each of which would require a whole number of mashaks 
for its optimum moisture, vide figures gfn) and g(6) The water was 
allowed to soak through over-night, and the mixtures turned over with 
spades in the morning 

The 3 feet wide berm on each side was then compacted with sheeps 
foot rammers vide figure 10, till the feet of the rammers would not penetrate 
more than inches into the soil mixture The requisite quantity of 
crushed brick (or kankar) was then spread over the loose soil, and mixed 
up with it, by means of rakes 

The whole formation width of 20 feet was then rolled once with a 
5 ton roller After this a mixture of the small sized stuff saved from the 
granular material, and fine clay in equal proportions was spread over the 
15 feet width m a moist state The rolling was then completed 

Rolling —The roller was run at an angle of about 45 degrees all the 
time (figure 11) so as to avoid any possibihty of cross corrugations which 
can easily form in a construction of this t>pe and help to cause 
dis integration of the pavement 


— The finished surface was sprinkled over with water twice a 
day for a week, so as to prevent damage by the roller or any other 
constructional traffic passing over it m its early stages of incomplete 
compaction 


Final compaction under traffic — On completion, the whole road was 
given a thick sprinkling of water and next da> when the surface looked 
moist but not wet, it was thrown open to traffic. 

For a period of six weeks a sprinkling of water was given to the 
road e\er> day towards the evening This completed tlie final compaction 
of the road under traffic— the last but the most important stage in the 
construction of soil roads 


Cost of Construction _Tlie statement m figure 12 is a cop> of the 
revised estimate for the work, giving the cost as originally estimated for 
and as actually incurred. 
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Mauiieuance — TJie road was opened to traffic in the end of December 

1939 

A thick sprinkling of water was given to the road once a month iipto 
Apnl 1940 

Section 2 where an excess of cla> had been deliberately used got 
'oftened after each ram and developed ruts Sand was spread over it m 
the Jiope of getting the traffic to mix it up But the traffic tended to go 
in the ruts and hence no mixing took place except where the ruts were 

In a further effort to mix the sand properly the area was flooded 
with water and a bullock cart was made to go up and down all over the 
width for a da> This d ‘ill left 

patclw with the result lly the 

behaviour of the rest of This 

was borne out by a laboratory analysis of soil at various points which 
showed widelj vaiying results This method of mixing has been a failure 
and so has been this section It is now proposed to try sand mixing 
under a multi w'heeled bullock roller but it cannot be said whether it will 
be successful 

In April 1940 when the Soil Research Sub Committee of the Indian 
Roads Congress (figure 13a) inspected the experiment the condition of the 
three sections was as follows — 

Section I — 

Verj slightly dusty otherwise m excellent condition ISo ruts at all 


Section 2 — 

The Section was patchy and could be called a failure 
Section 3 — 

The general condition of the section was good though it was more 
dusty than Section (i) and there was more wearing of kankar on the 
surface than in that section This was naturally to be expected os the 
kankar locally available was softer than crushed brick 

The Soil Research Sub Committee entered the following remarks in 
the minutes of their meeting held at Lahore soon after the> inspected the 
site — 
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After April the monthly watering of the road was stopped, m order 
to 'see how long the road will last before requiring another n atering The 
condition remained good during May and June, and excellent during the 
Monsoons There were atleast three torrential rains (as much as about 3 
inches overnight) but without causing rutting or any damage whatever in 
Sections i and 3 

Towards the middle of November, the road has become rather dusty 
on the surface though the granular material is still firmlj embedded m the 
soil mortar and it is felt that a watering is now needed It rained last on 
September, 29 1940 Figures 13 (a), (6), and (c) show the state of the road 
at various stages 


Cost of mauite 7 iance — So far, the cost of mamtenance has been low 
But as It would not be a fair estimate of it, till the present dry spell has 
passed it IS proposed to give the figures at the time of the congress session * 


Ecojtojiitc Posst6;Ii£ics — ^The total cost of one mile length of the 
road, with a usable width of 15 feet, is Rs 3212/ Out of this, Rs 401/- 
t e the cost of earth work m filling, and of the culvert should not be 
considered for purposes of companson, as these would be common items 
for any type of construction The net cost would therefore, be about 
Rs 2800 t e Rs 2000/ for the centre 9 feet, and Rs 800/- for the two 
berms, 6 feet wide in all 

(In normal circumstances the cost would drop another Rs 500/- as 
the price of sand in any other locality would not be so high, the cost of 
mixmg and watering would come down as the labour gets used to the work 
and the road inspector would not be reqmred for more than one month for 
e\ ery mile of road constructed) 

The density of traffic on this section is even higher than in miles 
10 and II of the arterial road from Lahore to Ferozepur (Experiment III) 
and actually ^.ustifies the con'itiiictiQn of a. proper metalled toad the cost 
of whicli at tins locality for a 4! inches soling coat and 4^ inches metalling 
would be Rs 7700/- for g feet width and Rs 12800''' for *15 feet width 

It IS possible to surface treat this stabilized pavement, after applying 
a suitable tack coat 

This particular experiment by itself, however, only shows the best 
that a stabilized soil road can do Ordinarily on an unmetalled road, the 
traffic would be much lighter aud, therefore will require a lighter and con 
'cqiiently cheaper pav ement 

The main object behind the experiment was to remove the wrong but 
deep impression from tlie inmds of the road engineers m this country, that 
no stabilized soil can withstand bullock cart traffic 

But if wc were to stretch the principle further, it is not difficult to 
visualize tliat whereas heretofore a road had to stay as a natural soil 
pavement unable in fair weather only, until the density of traffic and the 


Til f^irn atv rcjnvlHrrd m the ntnU mont ajpciidcd at the end 
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availability of fnnds justified the putting up of an evpensive metalled road 
non there is n possible senes of pavements between these two extremes 
which can provide roads at varying costs to suit different traffic conditions 
and above all usable in all kinds of weather 

This straightaway makes it possible for distnct boards etc to increase 
their milage of all weather roads and thus to help in tlie opening up 
of the country which is one of the most essential features of rural develop 
ment 


t \I FRIVIFNf II 

Slabilizaltoft of so\l ut tmle 42 of HosJitarpnr Dharamsala Road 

This IS an important trade route and the road is bemg gradually 
metalled 

Aide 42 of tins road lies between two chows (hill torrents) in the 
sub mountainous Hoshiarpur District The «oil lu mile 42 is predonii 
nantly fine sand with a little coarse sand and silt and has no binder to 
speak of 

This mde used to develop deep ruts v ery quickly in the dry weather 

Traffic — ^The traffic on this road is mixed bullock cart and lorry 
traffic and totals about 122 tons a day most of the carts have iron tyres 


Heather Condtlton — The general weather conditions of this area 
are rather wet the rams being both torrential and of long duration The 
average yearly rainfall is 40 22 inches There are also however atleast 
a couple of longish dry spells and many short dry spells during all of 
which this mile behaved v eiy badly 

Foufidalwn — When the original sod survey was done the foundation 
was found to be fairly compact as clay had apparently been thrown on 
the road from time to time and had got mixed up with the sand under 
traffic But the local authorities later on decided to raise the road and 
used different sods for doing so 

The treatment earned out for making the filling fit to act as a 
foundation is given in the following excerpt from a letter addressed by the 
writer to the Executive Engineer in charge of the road — 

I found however that r certain amount of fillmg has been done by you 
over which It 13 intended to put the etabdized crust As this filhngia dinereni 
in conipo«itton from the original bed which contained both coarse raatenal and 
a slight quantuy of clay it must receive a treatment before it can safely act as 
a foundatio 1 

The filling IS of two kinds One u almost pure •'and and the other is a 
soil very nch 1 1 clay 

The treatment to be done on the sand filling is as follows 

A hycr of the same qud ily of clay whchis being collected for the fop crust 
should be spread on the dry sand filling la a thickness of 3/4 inch and the traffic 
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Nest mornjfig, all that ^^as necessarj' nas to remove about 4 inches 
of drj material from all round the stack, and to carr> the rest straight to 
the road for spreading on the^^etbed The small mising needed was 
done by the man uho ^^as cutting the material from the stack and pouring 
it into mortar pans, for being carried to the road The drj' material was 
separately mixed with uater and used up 

Tins method of mixing nas found to be cheaper, quicker and more 
practical than the method used m Experiment I The mixing was also 
found to be better 

After dressing, a spnnkhng of moist clay and fine bajri mixed in 
equal quantitie'5 nas given over the surface at the rate of r cubic foot 
waterml {or 8S square feet This quantity of ba;r/ was saved from the 
nearing course material 

The rolling was then done with an 8- ton roller, which nas the 
lightest power roller available in the locality This roller was found to be 
too heavj for the mixture and so it was only lightly rolled and finished 
off with a i-ton roller Cross rolling was done as far as possible to avoid 
longitudinal corrugations 


Cunng — Cunag nas done by watering twice a day for 4 days, 
when traffic was let on 

The reason for watering twice a day for 4 days only in this case, 
instead of once a day for seven days, as in Experiment i vvas, that the 
initial rolling was imperfect and no dr>ing of the crust was desirable 

The compaction under traffic was carried out for 22 days by giving a 
thick sprinkling once a day 

As water was very expensive, and the rains were coming on, tlie 
rest of the completion was left to be automatically done by traffic during 
rams 


Cos/ 0/ co/is/ruc/wn : — Cost for 12 feet mile 

Rs 

Imported c}ay—6J25 c/t (? 

20/- per thousand. 

- 13 J/- 

Top soil 52S0 eft. (S' 

3/- per thousand. 

- 16/- 

Sand 2300 eft. (« 

5/- per cent 

- 115/- 

Sind 29S0 eft. (o' 

3/' per cent. 

- 89/. 

Rajn 3 4 ' to I /S”, 5280 eft. (» 

ro/- per cent. 

= 528/. 

bilwur for mixing, watering, l.iying and rolling 

- 350/- 

Extra cost of Importing water 


- 168/- 

Prcpitalion of foundation 


= 60/. 


Rs. 1449/. 
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Next morning all that was necessary was to remove about 4 inches 
of drj material from all round the stack and to carr\ the rest straight to 
the road for spreading on the wet bed Tlie small mixing needed was 
done by the man who was cutting the material from the stack and pouring 
it into mortar pans for being carried to the road The dry material was 
separately mixed witli water and used up 

Tins method of mixing nas found to be cheaper, quicker and more 
practical than the method used m Experiment I The mixing was also 
found to be belter 

After dressing a sprinkling of moist clay and fine bajn mixed m 
equal qnantitieb was given over the surface at the rate of i cubic foot 
material for 88 square feet This quantity of bajn was saved from the 
wearing course material 

The rolling was then done with an 8 ton roller, winch was the 
lightest power roller available m the locality Tins roller was found to be 
too heavv for the mixture and so it was only lightly rolled and finished 
off with a I ton roller Cross rolling was done as far as possible to avoid 
longitudinal corrugations 


Curing — Curing was done by watering twice a day for 4 da5rs 
when traffic was let on 

The reason for watering twice a day for 4 days only m this case, 
instead of once a day for seven days as in Experiment i was that the 
initial rolling was imperfect and no drjmg of the crust was desirable 

The compaction under traffic was carried out for 22 days by gi\ mg a 
thick sprinkling once a day 


As water was aery expensive and the rams were 

coming on, the 

test of the compaction was left to be automatically done by 

tiamc during 

rams 




Cosl of construction — Cost for 12 feet mile 


Rs 

Imported claj —6125 eft 

@ 20/- per thousand 

- 

123/’ 

Top sod 5280 eft 

^ 3/ per thousand 

- 

16/- 

Sand 2300 eft 

a 5/' per cent 

- 

115/ 

Sand 3980 eft 

(«> 3(- per cent 

- 

Sol- 

Pajn 3 4” to I 8’, 5280 cit 

r« 10/- per cent 


528/- 

I^lxiut for mixing watering la>mg and rolling 

- 

350/* 

1 xtra co^t 0! importing water 

- 

1G8/- 

Prcparatinn of foundation 



60/' ^ 


Rfl 1449/- 
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Sa\ - 1450 

Cost for 9 feet mile «. 10S7 

Sa> «. 1100 

Bcha tour — The road nas done m 'Ma> last and has bcha\ed \er> 
well •!o far All the possible compaction is considered to Ime nlreadj 
taken place under traffic during the summer rams and tiie road is now fit 
to take surface treatment arrangements for wliicli are alreadj in hand 

t Ml i iMrvr iir 

StahihzaUon of the wmelalled bertns tn Mtles 10 an I ll of the Lahore 
Fero^epur Ludhiana Arterial Hoad No 5 (tnelalled) 

This road is well known for the thick clouds of dust that are raised 
b> traffic during the dr> season and the slush and slippennessof the berms 
in wet weather Jliles 10 and ii were the worst miles in this respect the 
sod being cohesionless silt 

Traffic — The traffic in this mile is 849 tons per 24 hours and includes 
159 bullock carts and 377 motor \ chicles 

Design — The foundation of the berms upto a width of over 5 feet 
on each side of the metalled edge, is verj compact below a depth of about 
2 inches It is a happy mixture of sand clay and silt and also some 
granular material flown off from the newly tarred surface which has got 
compacted under traffic m good time, under suitable moisture conditions 

It appears that the filling on the road in the first instance was done 
with good soil but that dunng maintenance only the cohesionless silt 
available as top sod had been used 

As the foundation soil was found to be stable it was decided to use 
only 3 inches loose thickness of stabilized soil weanng coat with 40 per 
cent kankar mixed m it 

The width of treatment was kept 5 feet on each side making a total 
usable width of 22 feet 

Field 11 ork —As the top sod was evidently deficient both in clay 
and sand a search was made for both these matenals in the vicinitj Tine 
sand was available m the bed of a canal minor flowing along side the road 
A good clajey sod was found at a depth of over 2 feet, at site The belt of 
clayej sod was about 6 feet in thickness 

Laboratory IVorh — The laboratory anal} sis of the berm soil the 
clayej sod and the sand was as follows — 

Berm soil — 

Retained on No 10 sie\e _ 10 30 per cent 

Passing No 10 sie\'e, but retamed on No 40 sieve = 5 10 per t 



150 


Paper H— 40 


Passing No 40 sieve but retained on No 200 ‘^leve 

Passing No 200 sieve 

Plastic Limit 

Liquid Limit 

Plasticity Index 


*= 1520 percent 
=■ 69 10 per cent 

I Non plastic 


Clayey Soil — 


Retained on No 10 siev e 

Passing No 10 sie\ e but retained on No 40 sieve 

Passing No 40 sieve but retained on No 200 sieve 

Parsing No 200 

Plastic Limit 

Liquid Limit 

Plasticity Index 


o 00 per cent 
o 00 per cent. 
27 20 per cent 
72 80 per cent 

145 

442 

297 


Sattd — 

Retained on No to siev e 
Retained on No 40 sieve 
Retained on No 200 sieve 
Passing No 200 sieve 


~ 0 00 per cent 

= 14 10 per cent 
= 61 30 per cent 
= 24 40 per cent 


The berm soil vias considered useless as it contained very little 
besides cohesionlcss silt and as the claj e3 soil and sand were available at 
the door -^tep the berm soil was excluded from the final soil mixture which 
consisted of two parts of cla3e> soil and one part of sand To this 40 per cent 
graded kankar was added the grading being the same as in Experiment I 


Execttlion — The process of mixing compaction and curing w as the 
same as for t!ie Kot Lakbpat Road experiment I 

There was one awkward difficulty met with on this work In order 
to prevent the breaking of the edges of the tarred central portion they 
had been sloped off Tins necessitated tlie cutting of the sloping mttalled 
portion ov cr 6 inch on each side so as to get a proper joint between the 
metalled and the stabilized pavements As tliere was no help for it this 
was unwiUingl> done In «onie short lengths however tlie sloped portion 
btmg vcr> VMdc vsas not cut oil cntJrd> and so the stabilized surface 
had paTll> to Tide ov cr the tarred sloping edge tide figures 24 (a) and 
t \ (6) Tins v% as a mistake as w ill be seen hter 

In a small length crushed brick was replaced by 1 ankar llie grading 
of the crushed brick being the xame as for I xf>cnmcnt I This nas 
done to compare tl e wearing qualities of the two materials 


/fehatiotit — Ttie exrctmient vs as completed towards the end of 
iJtctmlwr 1937 
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In April 1940, the Soil Reseirch Sub Committee of the Indian Roads 
Congress, inspected the experiment and tlie following remarks were 
entered m tlie mmutes of the meeting held afterwards — 

Tlic Coron Utec nl 0 \iisi\wml pome exj^nmeulp c*\rn«l out l»j U»c 
I iinjil) CiotLrnmcniin mi!o4 10 niid 11 of the Lnliore 1 i.r07cj itr IJoid The 
work wns done Pomc four months nfro It is u iforliitmlc that the cxpcnmcitU 
nrcnpain 011 the Urmsof a road but the) arc \cr) siicce'-sfiil 

TIjc Committee, however considers tint the eo«t wns Inph * 

Towards the middle of No\ ember, the condition of the berms is 
excellent, though it is felt that the)*^ require to be once sprinkled witli 
water 


The monthlj sprinkling of water was stopped in April 1940, to see 
hour long the berms can go on without reqmnng to be watered 

A length of half a larlong has been left without any moatbl} water 
sprinkling from the very beginning and though it is still in good condition 
in the middle of November, it is j et too early to draw any conclusions 
from Its behaviour The idea is to see whether with a very restneted 
use of chemicals the berms could be maintained economically m areas 
where no canal water is available along the road side, for monthly 
watering Chemicals will be used on this section when absolutely 
necessary 

The brick is behavmg generallj much better than kankar, though 
due to the fact that trafEc passes over the berms only for crossing or 
ov ertaking, there is hardly any crushing of haiikar on the top as in the 
case of Experiment I, where the traffic is heavier and the whole of it 
has to pass over the stabilized portion 

The wear on the berm m a little over 10 months is hardly | inch and 
at this rate it is expected that the crust will last at least 5 years, if allowed 
to wear out completely 

At the places where the sloping edge of the metalled portion was 
not cut out entirely, the portion “A m figure 14 (a), got pushed out by 
traffic, and the rain water standing m this portion for many hours, 
caused a comparative softening of the adjoining portion resulting m 
squeezing out of the stabihzed soil to a depth of about one inch in these 
portions Patching had to be done here, and now the portion 'A'’ is 
being filled up with tar premixed bajn and no further trouble is expected 
after that has been done This should have been done in the first 
instance, as there are only a few such lengths a couple of feet long each, 
figures 15 16 and 17, relate to this expenmeut 


Econotntc Posstbthhes —The cost of stabilization in this case is 
Rs 900/- per Jo feet wide mile or Rs 17 per 100 equare feet 

m rural areas compares 
‘tailing in as much as the 
ppery slush is entirely 


not u 
dangei ' 
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Lltmtnaiton of sohng vi the vtdemn^ of vtetalled roads— M ties ii io 
14 Grand Trunk Hoad lahore Gujrantiala Section — 


The use of brick for soling with the object of dispersion of load is 
an absolute waste of monej because a brick soling is capable of no 
dp:persion of load whate\er 

The ma'^imiim intensity of pressure at the bottom of a soling brick 
IS the same as the intensit> at its top because the area of dispersion of 
a wheel load through the wearing crust of a usual thickness of 3 inches 
is larger than the area of a brick and the bricks all act individually 

It is sometimes advocated that the soling bricks are capable of dis 
persion of load by \ irtue of the facts that there is friction between the 
brick faces and that there is also an arching action due to the camber 
of the road 

In actual laying of the solmg the joints are never made so tight 
as to prov ide any fnction in fact they are so W'lde due to the untrue 
shape of bricks that thev have to be filled up with earth or sand As 
regards the arching action the impression is entirely psychological ns 
will be apparent if the tension in the mud joints is calculated and so also 
the side pressure on the earth abutments for an arch having a rise of 
three inches only for every 10 feet of span 

The only useful function of the brick solmg is that the area of 
contact of the load as it is transferred to the earth is large compared 
with the area of contact of ordinary metalling and as such in the case 
of weak soils the resulting compression for the same intensity of load 
would be less with a brick soling Brick sohng is therefore warranted 
only where the sub grade soil is poor and in that case too a flat brick 
solmg IS preferable to a brick-on edge solmg because of its wider area 
of contact 

The case of the unmetalled berms of old metalled roads is however 
different Tor many many years a few feet width of the berms on 
either side of the metalled edge has received compaction under 
the wheels of passing vehicles under different moisture conditions In 
«.ome leacdies the soil on the berms has during the course of ordinary 
mamtence assimilated a happy mixture of sand silt and clay and also 
stray granular material in the shape of crushed kankar or bajn This 
graded soil has gradually obtained an extreme degree of compaction 
from traffic under suitable moisture conditions and stays m that 
condition because it is always protected from surface abrasion by the 
Ioo«e earth pnshta that the gangs keep puttmg on the top to maintain 
the berms on the level of the metalled edge 

The thickness of this stabihzed soil crust vanes from 4 inches to 
6 Indies and the width from 4 to 5 feet The crust is practically 
impervious and is stable imder the prevaihng loads m varying weather 
conditions 
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eliminated The cost of nidemng the me tailing to the same extent nould 
be about Rs 12 000/ per mile 

Even otherwise judging from the behaviour of the stabilized benns 
during the last 10 months the life of such a berm maj safely be taken 
as 5 years This tvill spread the initial outh> to Rs 180 per > ear 
The cost of maiutenance as based on the experience gamed during the 
last 10 months maybe taken as Rsyo/ per ^ear t e {th of a cool> per 
mile plus Rs 34/ for patch materials 

The total cost of making and maintaining the stabilized berms 
would thus come to Rs 250/ per year as against Rs 225 per year 
being actually spent by us at present in the Punjab for keeping the 
berms in their present fiac/ui state (The figure of Rs 225/ is taken from 
Chief Engineer Punjab Public M orks Department (Buildings and Roads 
Branch) Memo No 425 — 427 — R S dated the 3rd Julj 1940) 

And a point worth special mention is that dunng the last 10 months 
the traffic has produced no local settlements on these berms in the shape 
of tmy depressions which are generally found on metalled roads This 
points to two very important conclusions — 

( i) That the existing crust of the stabilized berms is strong enough 
to take up the traffic it is subjected to and that as sudi if it 
is surfaced over it should behave like a permanent pavement 

(f>) That if properly designed and executed and surfaced a stabilized 
soil pa\ ement should behav e better than a metalled road in 
so far as the formation of small depressions is concerned 

The reason for this is that m a metalled road the sharp edges of 
adjoining stones are m contact and the continuous vibration «et up by 
fast traffic and also the direct load causes the sharp corners to be 
gradually rubbed smooth resulting m a denser packing of the stones 
which IS made possible by the numerous voids in a water bound crust 
and w hich in turn causes depressions on the surface 

In the case of a stabilized soil pavement however each bit of 
granular material is protected bj a. cov eiing of ‘^oil which acts as a shock 
absorber and prevents the rounding off of edges Further the maximum 
possible compaction having already occurred at optimum moisture dunng 
construction in tlie case of a stabilized ‘■oil pavement there is no possi 
bihty of furOier packing under traffic and as such no surface depressions 
can be formed after the crust has been surfaced over 

As regards the possibility of surfacing over stabilized soil the 
expenmeuts are in hand and it is hoped that it wiU be possible to do so 
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Eltmtuaiiou of sohtigtn the widen wg of metalled roads — Mtles ii to 
14 Grand Trunk Head I ahore Gujranwala Section — 


The use of brick for soling uith the object of dispersion of load is 
an absolute waste of raonej, because a brick solmg is capable of no 
dispersion of load whate\er 


The maximum intensity of pressure at the bottom of a sohng brick 
IS tlie same as the mtensit} at its top, because tlie area of dispersion of 
a w heel load through the w earmg crust of a usual tliickness of 3 inches, 
IS larger than the area of a brick, and the bricks all act individually 

It is sometimes advocated, that the soling bricks are capable of dis 
persion of load, bj virtue of the facts that there is friction between the 
brick faces, and that there is also an arching action, due to tlie camber 
of the road. 


In actual laying of the soling the joints are never made so tight 
as to provide anj fnction , in fact they are so wide, due to the untrue 
shape of bricks that thev have to be filled up with earth or sand As 
regards the arching action, the impression is entirely psychological, as 
will be apparent if the tension m the mud joints is calculated and so also 
the side pressure on the earth abutments for an arch having a rise of 
three inches only for every 10 feet of span 

The onl> useful function of the brick solmg is that the area of 
contact of the load as it is transferred to the earth is large, compared 
with the area of contact of ordinary metallmg, and as such, m the case 
of weak soils, the resulting compression for the same intensity of load 
would be less with a brick sohng Brick sohng is, therefore, warranted 
only where the sub^rade soil is poor, and in that case too a flat brick 
sohng IS preferable to a bnck-on edge solmg, because of its wider area 
of contact 


The case of the unmetalled berms of old metalled roads is, however, 
diflerent Tor many many years, a few feet width of the berms on 
either side of the metalled edge, has received compaction, under 
the wheels of passing vehicles, under different moisture conditions la 
some reaches, the soil on the berms has, during the course of ordinary 
mamtence, assimilated a happy mixture of sand silt and clay, and also 
straj granular material m the shape of crushed kankar or bajn This 
graded soil, has gradually obtained an extreme degree of compaction 
from traffic, under suitable moisture conditions, and stays m that 
condition, because it is always protected from surface abrasion by the 
loo^e earth "pusliia" that the gangs keep putting on the top, to maintain 
the berms on the level of the metalled edge 

The thickness of this stabilized soil crust vanes from 4 inches to 
6 inches and the width from 4 to 5 feet. The crust is nracticallv 
imi^ivious and is stable under the prevaihng loads, m varying weather 
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Thus It can be safely assumed that m the reaches described abo\e 
the subgnde is not poor and therefore the use of soling is not neces«arj 

With tins point in \ lew the experiment in question was taken up 
Several miles on Lahore Gujrannala «cction of the Grand Trunk Road 
were due for widening whicb was sanctioned to be done according to 
orthodox practice 

Tor purposes of comparison however a length of half a furlong 
in each of the miles ii 12 13 and 14 vias done without anj 'sohng and 
a metalled crust of 3 inches onl> (unconsolidated) was used 

The following rules were observed for selecting suitable readies — 

(а) The soil is so compact that it cannot be easil> dug with a spade 
in the dry weather 

(б) It does not rut m the wet weather 

(c) It does not rut in the drj weather 

(d) llie onlj action of trafilc 011 it is surface abrasion 

(c) It does not get soft and fluffy in winter owing to the presence 
of detrimental ^alt 

(Ruts should be carefully distinguished from surface abrasion in the 
dry weather One niaj sometimes be misled by the bad condition of the 
loose pnshia by the side of the metalled edge this pushla should 
obviously be removed before examining the soil ) 


I \I CL ilON 


The surface was dressed dow n to the required level and camb^ 
bj careful cutting so that no filling would have to be done The bed 
w as then thoroughlj wetted and a one inch lajer of graded sod “spread 
on it Over this was spread 3 inches of stone metal graded from inches 
to 3 inch and water bound with a 10 ton roller lettmg the loose graded 
soil work up into the voids of the stone metal The raetalhnj, was then 
surfaced ov er m the usual manner 


BtliaviouT — ^The evpenment was completed in August 1939 and m 
November 19 p tlicir condition is excellent 


economic Possibilities — It is felt that a lot of saving can be effected 
in vvidcmng the metalled roads if solmg is eliminated m reaches which 
satisfy tlie abov c conditions 
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Tl e use of Si tbilt ed soil is a fouudahon tu miles S 0 10 (part) ti 
{part) 2y 2S 29 31 atii 33 of I ahore Fero epur Road (triicntn^) 


In order to reduce the cost of widening it was decided to a 
stabilized «oil foundation (4^ inches loose) under 3 inches (loose) of stone 
metal 

The laboratory analysis of the soils in various sections is given m 
table Figure iS 

It was considered tliat except in mile 8 the existing soil mixture in 
each of the other miles is suitable for use as a foundation in combination 
with 40 per cent graded katihar 

For mile 8 the existing soil was mixed with river sand in the ratu 
4 I and to this mixture kankar was added in the ratio 3 2 

Ihe process of execution was tile same as in Experiment If and as 
a light roller was not aaailable the rolling was done here also with an 
8 ton roller 

Since compaction of a foundation course under traffic is not des f».b 
after the wearing cours® his laid on the following procedure wa 
adopted to fully compact the foundation before putting the wearing co 
on top 


Expenment IV 

The work has been recently done There were no 
whatever during the course of the consolidation of tlie w 


Cost — ^The cost IS Rs 650/ per 6 feet wi'^e mu 
thickne<s as against Rs 2137 for bnck*on-edge 
brick sohng for the same width The economy is 
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flSHM COVCIUMDN 


It ts Strong]} felt tint the \oung scjence of soil mechanics is not 
receu mg the attention it ‘should in tins countrj 

The general imprc'^sion seems to be that >ou cannot do an\ thing 
with ^oil «:o long as the bullock cart is there It is to be agreed that the 
bullock cart does make this difiicult problem \er\ much more •vi but 
there ‘jccms to be no justification for gi\mg it up as a hopeless task 
\\ ithout gi\ ing it a fair trial 

Inspiteof the manj handicaps of research of a quasi pnvate nature 
the results of experiments conducted b> theunter for the last 3 j ears 
ha\e been \er\ encouraging all along and it uill be a great pit> if m \iev\ 
of tliat further ie«:earch is not \ igorousU earned out The time has 
certaml} come ^\hen ^^e should get rid of the bias against soil stabilization 
and tr> to give it the place it deserves m the science of Highnaj 
r ngmeenng 
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CORRESPONDENCE. 

Comments by Mr. W. L. Murrell, O.B.E., (Blbar}. 

5Iy personal view is that by far the most important road problem 
and necessity in India today is that of the balancing of the road system 
by the rapid development of a "minor triangulation” or network of minor 
roads suitable for both motor transport and fairly heavy cart traffic. 

And the situation is extraordinary in that, though we are now getting 
some money to construct these minor roads, the road experts do not agree 
as to the best types to be adopted. We are as people who have suddenly 
achieved moderate wealth, but who do not understand how best to utilise it. 

In short, the problem of the minor road is our major road problem. 

It is suggested that there are two reasons why we have not reached 
agreement : — 

(a) Some of us still believe that the steel tyre is inevitable for future 

India. 

(b) So many of us do not understand soil stabilisation, and are, 

therefore, shy of adopting it. 

Many of us and the number is increasing, believe that the future 
lies with the village-made broad wooden or other non-cutting tyre, and 
also with the pneumatic cart- tyre. We refuse absolutely to be resigned 
to the idea of the continued dictatorship of the steel tyre. All such will 
doubtless agree that Mr. Mehra's work and his Papers written for the Roads 
Congress are of great national importance. 

Of the six experiments. No. I is a classic and Nos. Ill to VI will be 
most helpful to those who are concerned in pavement-widening projects. 

As regards Experiment V, pavement widening was commenced on 

. , ■ '■ ■ -as 


It is Experimen*^ tv-.. t ^ .. _ -.i .1 . , , 

country minor road ' ■ *" 

we or our successors, ■. ■ _ ■ 

in brick metal, kunkatf mooram, crushed rock, and gravel, that will be able 
to stand up to fairly heavy cart and motor traffic. 

Mr. Mehra brings to us a cheap type suitable for light traffic which 
can quickly be converted, with increasing traffic, to a type suitable for 
fairly heavy traffic hke the t>T>es just mentioned, but superior to them in 
that it will be dust-proof. 

The special point about this cheap type is that it will be cheapest in 
the large tracts covered by great Government irrigation projects and where 
a good system of minor roads will fetch the producer higher prices and 
help him to pay his water rates. It is in these very' places that mooram, 
crushed rock, and gravel are generally unobtainable. 
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The foboTvjng cheap tjpe is based on Mr Jifehra's Experiment I 
Spectfication — 

f h 

25-0 







■ 





- Co. ^ 

4 



(n) Toundation and tv earing courses, xtde pages | 

141 and 142 of Paper H~40 [ StabtUsed eaxtt 

(b) Wearing course xtde page 143 of the Paper ) 

Cost pet tmle — 

12 Feet _ , „ 

" feet ^ 3 QC 0 '* = Rs 3666/' 

2 berms x 2i Feet = Rs 400/- 


sa> R« 3 100/- 

If we want the higher tjpe for fairl; Iieavj traffic, or desire to utilis 
the above sketched tjpe for increasing traffic all we need do is to prim 
and surface treat the central 12 feet of tiie abo\ e t> pe 

Cost per viite — 

(n) Stabilisation as above « Ks 3100/- 

(b) Priming at Rs r/8/- and surface 

treatment at Rs 5/- per 100 square feet = Rs 4 120/- 


say Rs 7 200/- 

If I were complacently resigned to the dictatorship of the steel tjrc 
bower ej J Me ihe ts the jerimo i. 

compete with both those given above 



X — Cement concrete trachwaj for loaded carts unloaded carts 
leaving the trackwajs and passing on the stabilised earth pavement 
V — Pavement Experiment I 

Z~Berm, etc , stabilisation xiJe Experiment I 
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Cost per mile — 

.. s= Rs g.ooo/- 
.. ss Rs 2,66o/* 

.. Rs 440/- 
= Rs roo/- 
Rs 12,200/- 

In Oise double trackwa>s bad to be provided later, the cost tvould be 
Rs 21,000^ per mile 

The abov e figures are based on 

Aggregate for concrete at about Rs 30/- per 100 cubic feet 
And chips at about Rs 38/- per lOO cubic feet 
As Vi ell as on Mr Mehra's Figure 12 

Equated pajments and maintenance costs are not discussed, as Mr 
Mehra is naturally not vet m a position to give these for stabilised earth 
roads, either plain or surface treated Also I, at present, believe that the 
Rs 150 - per mile stated in Table I Paper D 40, page 52. uould be 
insufficient to cover the maintenance of the trackwajs, to^say nothing of 
the stabilised earth surfaces 

The comparison is made, not only with a view to bringing out the 
point that the minor road netnork could be greatly expedited, with the 
limited funds available, by the use of earth stabilisation but also with a 
view to showing the necessity of replacing the steel tjre by village made 
"balloon wooden and fabnc tyres as soon as possible 

2 As regards Mr Mehra’s statement that the use of brick soling is 
an absolute wa«te of mone} , I would like to express some difference of 
opinion 

If one considers a wheel load coming over the joint between two 
bricks 


X — Trackwajs 
Y — As above 

Extra width formation. 



so that the outer ends V and *b’ of the bncks tend to ri<5e. I suggest 
that there rs sufficient friction at the ends of the^^e bncks, bj leasim of 
• the sand grouting thev are generallj given, to enable the load to the 
road bed to be distributed over a width more nearly equal to double the 
length of the bnck. 
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Besides this the bricU soling perlorms quite useful functions as 
described belor^ 

(a) It prc\ents the earth from the road bed from working up into 
the interstices betVrcea the pieces of metal in the la> er of metal, thus 
lowering the metal surface m those spots where the bed is more clayej, 
or where there are segregations of larger pieces of metal 

This differential vertical movement ' * 

in some countries where stone or bn 
under water bound surfaces by first 

layer of cheap small aggregate before placing the road metal in order to 
avoid this differential penetration from below, or differential settlement 
from above 

(b) The brick sohng is a most reliable tel! tale when the wearing 
coat has gone 

3 On page 144 Mr Mehra states It is possible to surface treat 
this stabilised pavement after appb mg a suitable tack coat 

Doubtless Mr Mehra means a priming coat, so that the biUmioous 
materia} ly/ff penetrate the stabilised earth as well as make the surface 
tacky to receive the surface treatment If only a tack coat (non 
penetrating) were used traffic would soon cause a dust film under the 
surface treatment which would then qmcklj peel off 

4 I would like to make a few remarks about the excelienk if necess 
anly rather hurried, demonstration* bj ^Ir Mehra at w hich members of 
the Council and Sub Committees were present at Delhi in Jamiatj 1941 

Mr Mehra showed us the technique of sieve testing obtaining the 
liquid limit plastic limit and plasticitj mdev etc , of a 'Oil so as to enable 
one to catalogue it m its right place for use as a material for road work and 
he stressed that it should be the more practical tests such as these which 
should receive our consideration 

To me It seemed that the tests, jf practical, w ere rather lengthy , 
and took much time 

In 1939 I inspected the sod testing *** 

states of Australia and was struck with 
those adopted in Queensland These arc 
Mo IRC O2 of the Roads Congress Dibtary 
IS as follow s 

To begin with a fairly large number of widely varying soils is exa- 
mined rainutelj for the above mentioned soil characteristics, and the 
results arc.‘carcfuffj kept as pilot or control records 

The same soils arc then subjected to two additional but fairly quick 
and very simple tests known as the linear shrinkage test and tbe miniature 
abrasion test 

Tir th** former, one uses a tm mould 14 X X li inches, and a 


Mor notc-i 0 1 the dtmomiratioiJ scepi5c2oJ, I'nrt It of this 1 o! time. 
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drying o\en "ind, for the htter a number of tin moulds i§ X i X 1 inches 
and «ome squate, screw top jam jars about 5x3x3 inches mounted 
like the c^lmders of a Devil rattler testing machine, on an axle turned 
b} hand 

To make the linear shrinkage test sufiicient water is added to the 
«oil so that It will just flow into the long greased mould The sample is 
then dried m the oven and the cracks or spaces are measured as a percen 
tage of the length of the mould 

The miniature abrasion test is equally simple 

Sufiicient water is added to the soil so that it will flow into the small 
moulds and the samples are then dried m the oven Four samples 
weighing W, m all are then put m a jam jar and the jar is rotated for 
100 turns at 30 to 33 turns per minute, and then taken out and again 
weighed If W, be their total weight after extraction from the jam jar, 
\V — W 

then the miniature abrasion loss 2 x 100 per cent 

It IS all %er> simple Without the weighing scales, the equipment 
would not cost more than Rs 80/- 

Now these two results the linear shnnkage percentage and the 
miniature abrasion loss percentage are recorded along with the other 
information for each of the pilot specimens 

Then whenever aujone, engaged on a project, wants to know the 
liquid limit, plastic limit plasticitj index, etc , of any other soils, onK 
these two quick tests are carried out, and the results are compared vvith 
the equi%alent records of the pilot or control specimens 

It has been found that it is good enough in practice to quote the 
respectu e liquid and plastic limits plasticity index etc , for tlie control 
specimens which po'^sess similar linear shrinkage and miniature abra«ion^ 
loss percentages as being those of the samples receiv ed from a project 

I would like to suggest that this system should be adopted also for 
India where the number of specimens we will have to examine, will run 
into some thousands annually The collection of information for control 
records could be dealt with centrally , and copies could be supplied to the 
provinces who would do their own miniature abrasion and shrinkage tests 

Queensland also supplies those engaged on project work with a 
numbered colour chart Comparison of the colour of the project sample 
with that of the control sample speeds up the identification of the project 
sample when looking for a control with which to match the project sample 

5 There is even more m this ‘iod testing tlian the collection of 
inlormalion for the stabilisation of road surfaces. 

When designing any pavement, one of the most difficult matter^, and 
one that vastly affects the cost of the project, is to determine the pave- 
ment thickness 

Taking traffic by and large, as we do m the case of bridge design, 
the thickness of Uie pav'ement depends on the bearing power of tbe 
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bed and so the more stable the sod in the road bed the thmner and 
cheaper can the pai ement be made 

The Queensland Mam Roads Cominissioa have uorked out a chart 
vide No IRC 62 in Indian Roads Congress I/brarj from which the 
economical thicknesses of water bound and concrete pavements can be 
read off as soon as the liner shnnkage percentage the field moisture 
conteut and the percentage material greater than 3 millimetres in the 
road bed are known 

The chart is applicable to soils of ail kinds and its eventual adoption 
here might sa\e much even on one project 

6 I hope Mr Mehra will some day soon give us something equally 
practical on soil stabilisation with cemeut and with molasses cum lime 


Reply by Mr S R Mehra (Author!, to the above comments 

I think I can compliment myself in having com erted as a result 
of three years sustained effort one of the foremost among those highway 
engmeerb who are geuumely interested in the great problem of low cost 
roads for India to the view that it is not an impossible problem and that 
there is a reasonable chance of finding a solution 

As regards the pavement widening in Chhota Nagpur on the lines 
of Experiment V I should like to utter a word of warning This is really 
Covered by Experiment IV vi” Elimination of Soling and the five rules 
laid down m the description of Experiment IV must be carefully observed. 
Otherwise the venture may result in discouraging failures due to unsui 
table subgrades 

The non availability of moorain crushed rock and gravel in most 
areas under irrigation is recognized But there is always the good old 
brick to fall back upon which is available all over the country As 
already mentioned m ray Paper I am trying to evolve a cheap method 
of burning clay sticks which will also be cheap to break to proper size 

The various alternative designs suggested by Mr Murrell for 
different grades of traffic are very interesting but the main thing is to 
put them all to practical tests It is only by undertaking bold experi 
meuts intelligentiy that we can hope to come to definite conclusions 
Tins IS the only way of remoy mg the scare of soil stabilization 

So far as the question of maintenance costs is concerned it is use 
less for me to try and assert that the figures given by me are correct 
unless I ha\e an opportunity of putting before the Congress actual 
figures for a length of at least a hundred miles My experience of the 
maintenance of the immature Experiments I ha\e been able to carry out 
liowe\er indicates in its own small wav that my figures should not be 
far out 

lam afnid 1 Jiave no sympathy whatever for brick soling except 
m the ct’so of fre-ili embankments where the subgrade cannot be properly 
compacted nnd consequently it is desirable to have a large area of contact 
of the load with the subgrade Even m that case the flat brick is more 
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useful due to its larger area of contact The I nek on edge for v>Ijng 
should therefore be cntiteK forgotten and the flat buck «houId !>c U'ctl 
teith rc<cr\c 

Mr Murrell in lus attempt to justifj the use of brick «ohtiR has 
uncon«ciousl> brought fortt ird a jKunl against its u<e wluch I omitted 
to mention m m> Paper \s illustrated in his diagram the end a and 
b of the two adjoining bricks sMll tend to rise for the position of the 
load as shown in the same diagram This will naturallj help to reduce 
the clTcctnc weight of the cru«t at a and b and conscqucntl> lower 
the supporting power of the crust which m an clastic pasement like 
water bound macadam etc depends maiiilj on its weight (thickness) 

Further from the same diagram it is clear that the ends of the 
bricks directl) under the load will lend to go down thus concentrating 
the load oser a small area of brick instead of dispersing it 

If it IS assumed that the joints between the bricks are filled w ith 
sand as stated b> Mr Murrell I suggest that there is hardly auy friction 
whate\er The friction m this case is a direct measure of the slicar 
strength of the joint between adjoining bricks whicli in the case of a 
cohesionless mortar like sand is ml Even if the joints were filled with 
a cohesue clajej 'oil it will more often than not be m a damp state due 
to the capillarity of the subgrade and as such ha\e \ery little cohesion 

Mr ^ k soling is that 

it prevent grade I have 

a1read> a brick soling is 

useful B 

I agree with Mr Murrell that the tack coat for surface treatment 
should also penetrate into the surface or prime it to an extent But 
the mam object being to make the surface tacky the expression tack 
coat is used Perhaps someday when we have made enough progress m 
soil stab hzation and are qualified to prepare a glossary of terms we shall 
call it tack primer or something like that to end an argument 

Tie iomjJe tests related by Mr Murrell which are said to be m use 
m Australia are very interesting I am looking into these and will 
perhaps in course of time be able to report on the result of my inves 
tigation I am thankful to Mr Murrell for pointing this out 

The possibilities of cement and molasses as soil stabilization 
matenals are under examination But due to the limited resources of 
my private laboratory it takes me much longer to get down to a problem 
than would be the case w ith a properly equipped laboratory and as such 
1 can only say that a report will someday be made on this point also 
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NOTLS ON 

DRAG SPREADING \ND DRAG BROOMING 

(with plans for inexpensive, countrj made 
plant, and with specifications) 
u\ 

Mr W L MoRuell, O B 1’ , H G E (Mfi b.), A.M C E , 
Stfpcnritettdit:^ Ettgttteer, Pitbltc Works Departmefit, flihor 


TJie e notes commence with ft confe‘>sion Riid an appeal 

The confes<iion is that, owing to the writer’s ignoiance of the^e two 
methods, he has in his time, wasted many tens of thou'ands of rupees by 
rooting np and te sectioning roads that did not ncalU need to be po treated 

The appeal is for senior engineer ofhcersto get junior engineers interested 
in both methods, so th it tliej will erentuallj be applied in their respective 
deldsi more or less as routine procedure 

To start with, it would be unnecessary and fatal to treat drag spreaders, 
drum mixers, drag brooms and kerosene tin pouters as tools and plant 
required for the general use of a division There may be great delay in getting 
sanction and funds The Government of India Public Works Account Code 
paras 174 (b) and 216(b) enable such tools to be charged direct to works 
estimates, even for repairs If the estimates are small, a drag spreadei may 
bo charged to one estimate, a drag bioom to another and soon. Nor should 
there, at first, be too much insistinee on the accuracy of estimates for these 
new kinds of work Hed tape kills progress It should suffice that nnj item 
of work, the cost of which cannot be foreseen accurately, should be done 
departmentally tin ler re ponsible dii'ect stipei vision, all necessary information 
being recoided 

There are genemlly one or two officers keener on road work than 
the rest, and these might best be guen such work, an attempt being made to 
lighten them of a few normal duties 

Once a s> stem or method has been understood and js being smoothly 
worked to (and not before), other engineer officers should be encouraged to 
inspect, any nieessary facilities being aliened to them There is nothing 
like a practical demonstration Notes like the present one and plans, take 
time to rea 1 and verr rarely do tl ey bv themselves convince or encourage, 
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BRAG SPREADING OF PRE-MIN 

Tlie practice of " drag spreading " is smiplj and essentiallj a 
method for the improred lading of a pre mi-red chipping carpet bj means 
of a blade, placed at right angles to the road each end of the blade being 
earned on a sledge like skid or runner placed lengthwise w ith the road 
The bladp and the two runners constitute the drag spreader, ivhich is 
pulled along the road 

There are two kinds of drag spreader — 

{«} The light or hand drag, Plate No 2 In this case, the drag 
IS pulled along bv men whilst other men pour the pre-mix 
on the road surface in front of the blade 

[b) The mechanical drag * In this case, tbe drag is pulled along bv 
the motor truck w hich has brought the pre mix from the 
mixer and which while towing the drag, pours the pre-mix 
on to the -oad surface in front of the blade by means of a 
bod> tilting arrangement and special tail board 

This second I md of drag is much heavier, ha\ ing controls for 
altering the setting of the blade while in motion, and an arrangement 
for allowing some pre mix for special purposes to escape laterally through 
a gate in either of the runners 

Whichever kind of drag spreader we consider the practice of drag 
spending is, without the slightest doubt, by far tbe most important 
deielopment in road work technique made in the last ten years 

This note deals with tbe light or hand-drag because its construction 
IS possible in anv mo/iissif workshop at very low cost, and its use is 
simplicity Itself The attached plan Plate No 2, for which we are 
indebted to Mr D V Fleming AI I E. A nst . Commissioner of Highways, 
South Australia gives all information uecessarv for its construction The 
drag spreader made at Muzaffarpur cost Rs 65/- 

Please see the i mch=3 i foot drawings, Plate No 2, and note the 
spreading blade” its two "runners’ and "draw-bar” The slotted clamp 
at each end of the blade allows the blade to be raised or lowered with 
respect to the runner 1 1 , -with respect to the road surface 

Either end of- the blade can be placed at the same height above 
road surface as the other end, or at a different height 

The imd camber is not given on the blade but on the iron or 
"steel edge” of section | inches bj J inch bolted to the blade The camber 
of the steel edee illustrated i incli m q\ feet hut we can have different, 
inttr changeable steel cilges for different camber or for no camber 

And that IS all tlwre is to it, lujt perhaps the writer should add that 
certain users m India have suggested tint tlie top of the blade should be 

•| or furthfr j-wticulftrjiof the niechenica! drug kiitdly reftr to Library 
iJook, CvtflIoRur No IKC rs 




Th^ fear i*? no^\ a thmE^of tlie {U-t to tl e * h'me-nniU 

re\*olvin^ druai mixer a con tni».tnail of wbuh att \kbevl (lUte 

No 3 badi mixtrs ccvt alxjiit 21 mule m Mu’ iff u| nr luul wiU 
last a loa" time Tht dests^n nnv ori^inalh b\ i ue i f the I nuVr 

compamea and we shonld be ijrat^^fid acconlm^li 

\ drai; spreader will keep so or jO of the e drum im\<.rN ^onu, but 
for a small job of half a mile or m> a doieii mixers should suflicx 

A power roller Is of course nc<xs^a^^ Ihe onhuarx mexhum to 
lisht roller b. preferable witli the u ml quick re^ets^. so tint the smeid 
matenal will not be squeezed out from under the rollers h\ there Ik uu^ 
too long a stationarv penod V differcntnl on the mller al o lulps 
so that the roller can turn fairK sharplj without undulx ' screwing into 
the spread matenal but it js not essential All this howexer rxf<.rNtquaU\ 
to the consolidation of anj bituimnoiis matenal 

The uses of tlie drag spreader ore — 

1 To spread pre mixed material ex cnlx oxer an Lxen roid sutfuv 
to a uniform deptli This is, obx loiis \ liOd drag can spre ul up to « Uixlu s 
(consolidated) depth and a mechanical drt^ up to ^ iikIics at n tliiu 

2 To spread pre mixed material oxer an uncxtii surfui so 
that the top surface of the pre mix is exeti Ihis is not so t is\ ns tin 
effect of consolidation has to be considered 

Here please refer to the diagram illustrating the tluor) of tlu drq 
re-sheeting process IMate No i, for winch we are indehti 1 to Mr si 
Luker B Sc A M Inst Cl of the Department of Man Itc ids 
Nexx South Wales who is the chief pioneer of this tcclinique 

It xxill be seen from I late No i dn^,ram 3 tint, x\I ere Iht origin il 
road surface is xerj uneven the consoluhted pre mix will also be mieuii 
though to a less extent 

Therefore, for rough surfaces a sfnootl coursf must I e done firHl 
vtdf diagram 6 Plate No X 

As a general rule a second or xr<arn\s coutit sulhcei f >r coinj leti m 
of the job but there are caseson record where the origiiul rou) Miifi 
was so \ery rough that an intermediate course xvas done 
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In the case of corrugated or other rough road surfaces it Js possible 
to complete the job with a smootlieniBg and a ^\eanng course e\en though 
the crests of the bumps ma> be as much as two inches above the troughs 
or hollows Ob the average the Biatenal to be allowed for expenditure 
m this smootheiiing course where necessarj is taken as o 6 inch consoh 
dated depth over the whole area treated The coosoh dated depth of the 
wearing coat is from o 5 to o 75 inch over the bumps 

It will now be seen that drag spreading has an enormous advantage 
over surface treatment in that a smooth surface results from the former, 
whilst simply painting an uneven surface and then putting chips on it 
merely reproduces all the original bumps and hollows of the old surface 
especially when the surface treatment is not done with cold binder and 
a roller dragging a broom 

This smoothness of surface is now being recognised as of the utmost 
importance as it has been found that a road to carry fast traffic can be 
made very cheaply if onlv the surface is smooth The point is that bumpy 
surfaces cause traffic to transmit to the base cour'^e and sub grade 
exceedingly great forces which do much harm so that the surface becomes 
still more uneven and maintenance charges are increased The engineer 
must also consider the comfort and safety of road users 

A most important fact about these thm pre mixed drag spread 
chipping carpets is that they can do much higher duty than the surface 
treated road and this is especially so when the chips are very tough and 
hard They should last at least twice as long as a surface treated road 
Conversely chips that are hkeU to crush should never be used in pre mixes 
They might be used to a v ery limited extent only for surface dressing and 
road mix seal 

3 The third and the last mam u«:e for the drag spreader is in the 
correction of camber without rooting up the roadway and resectiomng 
it at considerable cost and great inconvenience to the public 

Most engineers are now finding that the camber which was necessary 
for water bound surfaces is too much for surface treated or other bitumi 
nous surfaces High speeds are making these high cambers positively 
dangerous 

The trouble is that v\e have so many miles of high cambered water 
Iionnd macadam that a cheap means must be made available for reducing 
tlie camber The dng spreader provides this means 

Corrective course to re luce 
<n nber 

U atcr bo md or 
nisik surfsred roa<l with 
hii:h ran JH?r 

In this rvvi the dng spreader does a corrective course simply bv our 
raising one end of the hhde more than the other Super elevation can be 
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Tlic at«o\c ate tlir mtm j r*jrtal «-<-» f J t’ r rlrir t4*rf I ■ i* 
t< ncoc*-*^^ lo icmcml>cr a few pcrrial j nrcij V* alwi l j » nn aj 
from dns l»c( >tc r m' ] •r^^tAr wi** « 

a drag *iiiiadcr 

Man> Hill Ltiow nil tljoiit Hint (nllri^^ii imtmlwirlj l«c'ow ^ I j t 
Uas note IS also Hniien for our soundest inemWr# tn ihr IxojtS Cn’'/TrM 


rATCIIlNO 

I’ot holes or breaU tint to old punr line rxcisitions etc . shouM l,e 
patched as the first operation These should either U done inn itcr- 
bound ma^dani Hell rammetl or elsr fUlwl and hcII rnnimci! Hith a 
pre mix On no ac^unt should tlicse repairs be clone h\ groutin'* ns this 


GRIP ON TUI RAsr COURSr 

material out side ways the^matenaT n^d^t sqwctrw the 

course However u lien this inaterml f/a Le ‘'I 
sidficient binder to stick its inLedientriLMi ’ contains onh 

..ouW not,. 

prt-mijt IS spread TLs™c5ne bv “ ''Wier brfore Ihe 

cov«s fha bass copra:, or a pnmna Matl,S T 

course and also leaves .tssarfaS stX ^* bli 

S rat an” rte ratSrtiW* 'o impottint 


• dusuX ” 'dut lort'e'cmf "■ 

.1 .s „,dr.sable ,o „se"aThh 3.?;"* 


«H< foTiintion of 
-mttse There 
ferial whit 
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conveniently spread Thus for a | inch consohdated carpet the sizes of the 
larger chips could be slightly more than those given in the abo\e anal) sis 
and for a i inch carpet shghtU less 

bhould it appear that the chips supplied are all too much of the 
one size it is a useful tip to remember the procedure of screening out the 
smaller size and then hand breaking a portion of the larger size It is uceful 
to keep the larger and s nailer chips separate until thei are fed into the 
drum mixer specification page 176) to preient billun: up v\hen 
mixing graded aggregate 

The grading of the chips and the introduction of fine mineral 
material prevent the realisation of the non “^kid surface If such a surface 
be desired at the expense of water proofing the carpet m itenals passing 
I inch square mesh should be omitted or the carpet should be surface 
dressed 


BINDER 

Though hot mix with hot aggregate and hot binder is often u-^ed 
with the large ov erseas mechanical drag spreader it is customary, in 
order to simplify the plant and m order to prev ent the risk of premature 
setting up to use cold mix for the light drag spreader 

If an emulsion is used it should be of the medium curing type 
like Colas mix 

If a cold cut back is used it should be of a fairly quick curing tvpe 

A mixture of heated cut back and unheated aggregate can be quite 
successfullj used in the hot weather as was proved by Air I A T 
Shannon who used Shelspra B S when trying out the drag spreader on 
the Dum Dum Cossipore Road Indeed the Shelspra proved much 
cheaper than the Colas mix There are of course suitable Socony and 
Shalimar equivalents for drag spreader pre mixes 


WORKING OF THE DRAG SPREADER 

There is reallv nothing much to explain as the process is self evident 
A few practical points are dealt with m the attached works specification 
Where the road surface to be laid down is wide and needs to be done 
half and half the second half width is done by running one skid of the 
spreader along the top of the edge of the first half width already spread 
and consolidated In such a case it is necessary of course to lower the 
spreader blade near the raised skid to an amount equal to the consolidated 
depth of the first half width 

The alternative method is not to shift the blade at all but to lay the 
two half widths with a gap few inches wide between the two As the hand 
drag has no side gate and tail spreader this intervening space or gap must 
be hand spread with pre mix from shovels This second method is there 
'ore more complicated 
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COST 

llie cost of drag spreading bis been shown in tlie attached com 
paratue table (page 171) The figures are based on the Muzaffarpur 
District Board work and are ver} much on the liberal side as none of 
the staff or labour had seen this kind of work before and effiaencv was 
not high 

The roid concerned (Muziffarpur Sitamarhi Road) had been metalled 
\wth Pakur stone whicli is remarkabh hard and without an> cementitious 
\alue The wet rolling eventualU had to be done with a mixture of sand 
md cK> moorum but mspite of this the traffic soon commenced rooting 
out the metal so that the road was becoming ver> rough Also the road 
surface was undulating in places especially where the embankment had 
'-iibsided in the 1934 earthquake and had been raised 

The whole length of 9 miles was therefore primed with cold pnmers 
and this made it possible to put a bituminous surface oU Where the 
road was not '^o lougb oidtnar) surface treatment was done Where the 
road was rougher and too rough for ordinary surface treatment, drag 
brooming with Socofix and chips was done In the roughest parts a hot 
J inch pre mix chipping carpet was drag spread without any smoother 
course A very light seal was given but the cost of this is not included 

As the road had become so bad it was questioned whether it would 
be better to consolidate with 3 inch new collection and then surface 
treat or to first prune and then do the treatments descrrbed above 

Pnmmg and drag spreading have cost Rs i g o plus Rs 10 o o or 
Rs 1190 per hundred square feet as against Rs 9 13 o plus Rs 5 13 o or 
Rs 15 10 o per hundred square feet for reconsohdation and surface 
treatment 

The saving of Rs 4 1 o per hundred square feet is due to the drag 
spreader It is small compared with some of the savings which this process 
makes possible 

\Iso the drag'broomed and drag spread sections are now much 
smoother than the surface treated sections They were much rougher 
before 
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conveniently spread Thus, for a | inch consolidated carpet, the sizes of the 
larger chips could be slightly more than those given in the abo\c analysis 
and for a ^-inch carpet, slightU less 

Should it appear that the chips supplied are all too much of the 
one size, it is a useful tip to remember the procedure of screening out the 
smaller size and then hand breaking a portion of the larger size It is useful 
to keep the larger and s nailer chips separate until the\ are fed into the 
drum mixer (rn/^ specification page 176) to prevent bailing up when 
mixing graded aggregate 

The grading of the chips and the introduction of fine mineral 
material prevent the realisation of the non ‘skid surface If such a surface 
be desired at the expense of water proofing the carpet nuterials passing 
^ inch square mesh should be omitted or the carpet should be surface 
dressed 


BIDDER 

Though hot mix with hot aggregate and hot binder is often used 
with the large o\ erseas mechanical drag spreader it is customary, in 
order to simplif)' the plant and in order to prev ent the risk of premature 
‘ setting-up to use cold mix for the light drag spreader 

If an emulsion is used it should be of the medium curing type, 
like Colas mix ' 

If a cold cut-back is used it should be of a fairly quick curing tvpe 

A mixture of heated cut back and unheated aggregate can be quite 
successfully used in the hot weather as was proved by Mr I A T 
Shannon who u'^ed Shelspra B S when trying out the drag spreader on 
the Dum Dum-Cossipore Road Indeed the Shelspra proved much 
cheaper than the Colas mix There are of course suitable Socony and 
Shalimar equivalents for drag spreader pre mixes 


WORKING OF THE DRAG SPREADER 

There is reallv nothing much to explain as the process is self evident 
A few practical points are dealt with in the attached works specification 
Where the road surface to be laid down is w ide and needs to be done 
half and half the second half width is done b> running one skid of the 
spreader along the top of the edge of the first half width already spread 
and consolidated In such a case it is necessary, of course to lower the 
spreader blade near the raised skid to an amount equal to the consolidated 
depth of the first half width 

The alternative method is not to shift the blade at all but to laj the 
two half widths with a gap few inches wide between the two As the hand- 
drag has no side gate and tail spreader, this intervening space or gap must 
be hand spread with pre mix from shovels This second method is there- 
fore, more complicated 
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JlJu&tratji)j3s of these mi\ers are giveo m collection Ko IRC 
tog m the Libran of the Indian Road Congress They are most elBcient 
but are too in\ olv ed and expensiv e for general use m India 

In an Australian road mixer there are a number of small, fitted, 
Wades which “icoop up tlie binder and aggregate as the drag moves for- 
ward Both are thus turned o\ er and mixed and then 'spread by a follow 
mg steel edge like tliat of a drag spreader The small mixer blades are 
kept pces-^ed doun on the road surface b> springs so tiiat they get fairly 
well into tlie holloas and deal with the aggregate and binder sheltenng 
therein Mixing is completed bv onlj 2 or 3 trips 

The other feature of the uiadime is that it has a long base, like 
the drag spreader so that its spreader blade acts in the same way as 
the drag spreader blade Its spreader blade can also be made higher on 
one side than on the other so as to do corrective work on high cambers, 
super elevation etc 

After the second or third tnp the roller partially consolidates, and 
then fine chips or sand are spread and the consolidation is completed 

But we cannot afford and could not maintam these road mixers and 
the plant to work them Therefore we lengthen the broom drag call it 
a drag broom**, and make it not only spread the aggregate, but also mix 
It A t> pica! drag broom is shown m the enclosed constructional plan, 
Plate No 4 (scale 2 feet » 1 mchl It is rather important to have the flat 
irons at each end for tomng purposes Such a drag bioom can be had in 
Calcutta from auy of the big broom manufacturers e g The Caledonia 
Brush Works (itcfe Directory) and costs about Rs 77/- F O R 

The long, stiff, frame with the lower edges of the brushes all at 
< er and give a smooth 

sv transport are useless 


Just as tractor and mixer, or auto-patrol with mixer attachment 
are accompanied b> expensiv e and complicated spraj ers, our drag broom 
has its counterpart the kerosene tm pouring can a plan of which is 
attached. Plate No 5 

The drag broom, plate No 4 and tiie Jxmnng can Plate No 5 are 
poor tilings but the> are our own 

What la marvellous is that such good and sound results are possible 
and this seems to be a good opportunity to remember the good pioneenn » 
work done m this direction b> Mr C D N Meares ^ 

There are two great defects in this broom^rag when considered 
as a mixer • — 

(a) The brushes cannot get down into the hollows to a sufficient 
extent to mix the aggregate and the bmder sbeltenn-* in 
them They are a poor substitute for the «man but - 
mixer blades held down by spnngs on the real 
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ROAD MIX SEAL bj nitaas of "DRAG IJROOM” 


or 

“DRAG BROOMING” 


A brief hrstor) of the process of mi\mg binder and aggregate in 
situ on the actual road surface will help one to understand the theory of 
this process, and the peculiar conditions which govern its practice 
m Inia 

It was the Americans who first constructed quite thick bituminous 
pavements bv using the large single blade of the powered grader for 
mixing on the road surface the matenals for the pavement First they 
spread the aggregate and, on top of it they sprayed the binder, and tlien 
mixed the lot They called the process “niix-in-place” If they wanted 
to water proof the work the surface had to be sealed as a separate 
subsequent operation on top of the mix-in-place 

The Australians adopted the principle of nnx-in-place but thei’ 
made thin pavements with a seal film underneath them, simply b\ 
spreading the binder, or much of it, on the road surface before spreading 
the aggregate Thus they have a road-mix and a seal in one operation, 
and they call it a road mix seal This is exactly what we aim at in India 
with our “drag brooming” 

Captain R C Graham (Paper No P, Proceedings of the Indian Roads 
Congress, Volume V.) and Mr S A Amir (Paper No E-39, Proceedings of the 
Indian Roads Congress, Volume VI) refer to this as "mix-in-place” work 
The description is not apt because it does not mention the word “seal” 

With many others, the author, personally, refers to it as the “drag 
broom process ‘ This term also is not fitting as we “drag a broom” behmd 
a roller m ordinary surface treatment work, especially if we are working 
with a cold binder and we want to get more chips into the hollows where 
the binder has tended to accumulate 

Let us then try to refer to this kind of work as a “road-mix seal by 
broom”, or simply a "road-mix seal" 

The Australians, after repairing breaks m the road surface, spr^d 
the binder as already described Then the aggregate is placed on the 
binder and spread out over it with a broom drag to an average depth 
of anything from one half to one inch The remainder of the binder is 
distributed over the spread-out aggregate 

The Australian practice is then to mix, not with the large single 
blade of a grader, but by means of a special mixer-drag. 
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Illustratioiis of these int\ers 'are given m coIJection No IRC 
bg in the Libraf> of the Indian Road Congress They are most efficient 
but are too involved and expensive for general use in India. 

In ail Australian road-ini\er, there are a number of small, fixed, 
blades which scoop up the binder and aggregate as the drag niov es for- 
ward Both are thus turned over aud mixed, and then spread by a follow- 
ing steel edge Uhe that of a drag spreader The small mixer-blades are 
kept pressed dow n on the road surface by springs so that they get fairly 
well into the hollows and deal with the aggregate and binder sheltering 
therein Mixing is completed bj only 2 or 3 trips 

The other feature of the machine is that it has a long base, hhe 
the drag spreader, so that its spreader-blade acts m the same way as 
the drag spreader blade Its spreader-blade can also be made higher on 
one side than on the other so as to do corrective work on high cambers, 
super elevation etc 

After the Second or third trip the roller partially consolidates, and 
then fine chips or sand are spread, and the consolidation is completed 

But we cannot afford and could not maintain these road-mixers and 
the plant to work them Therefore, we lengthen the broom drag, call it 
a "drag broom”, and make it not only spread the aggregate, but also mix 
It A t>pical drag broom is shown m the enclosed constructional plan, 
Plate No 4, (scale 2 feet - l mchl It is rather important to have the flat 
irons at each end for towing purposes Such a drag broom can be had m 
Calcutta from auy of the big broom manufacturers, e g The Caledonia 
Brush Works (vtde Directory) and costs about Rs 77/- F O R 

The long, stiff, frame with the lower edges of the brushes all at 
one level, makes the drag broom act as a planer and give a smooth 
*;urface Patent brooms which fold m two for easy transport are useless 
They defeat the mam purpose as they lack stiffness 

Just as tractor and mixer, or auto patrol with mixer attachment, 
arc accompamed b> expensiv e and complicated spra} ers, our drag broom 
has its counterpart, the kerosene tin pouring can, a plan of which is 
attached, Plate No 5 


The drag broom, Plate No 4. and tlie Jiounng can, Plate No 5, are 
poor things, hut they are our owm 

What IS marvellous is that such good and sound results are possible 
and tins seems to be a good opportunity to remember the good pioneering 
work done m this direction by Air. C D N. Meares 


There are two great defects m this broom-drag, w ben considere*! 
as a mixer — 


(a) The brushes cannot get down into the hollows to a sufficient 
extent to mix the aggregate and the binder shelterine m 
them They are a poor subsUtute for the small but searchiti ' 
mixef-blades held down by springs on the real machine. 
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(b) The brushes are not really stiff enough to disturb and rotate 
the aggregate so as to get it all covered in the binder To a 
certain extent tve can overcome this by using let* viscous 
binder and Socofis appears to be good in this re«pcct. 
The other manufacturers of binders can doubtless supplj a 
similar suitable cold cut back Spreading the large-size 
chips first also helps 

Another method of ensiu'ing a reasonable degree of mixing is to 
make nianv trips with tlie drag broom even before rolling starts 


USES or THE ROAD \IJ\ SEAL PROCESS 

1 Tor a good level evisting surface the best bituminous process 
for moderate traffic is ordiinrv siirhce treatment (with pnmuig where 
necessary ) 

Tor a rough or ver> rough surface the best treatment is the 
drag spreading of a di ps pre-mix 

For the surface betwivt and between which is just too uneven 
for surface treatment u«e the road mi\ seal bv drag broom process 

2 Corrective treatment 

U here the camber is too high the large size chips should be 
spread towards the edges of the pavement and the smaller over the crowai 


THE PROCESS 

This has been described by Mr S A Amir m his Paper Jvo E 39 viJ' 
Proceedings of the Indian Roads Congress Volume VI but a little more 
information might be useful to supplement what he has written 

If the existing sniface is water bound most of the bmder should 
be -spread over it before placing the aggregate so as to act partlj as 
a seal II tl e surface to be Treated 1 bltuniinons onlj half of the binder 
need be placed Urst so as to act partJj as a tack coat 

The grading of the aggregate placed upon the bottom or seal binder 
is mo«t iniportant. There should be a good percentage of medium and 
small size clups not for waterproofing as in the case of the drag spread 
pre mix but so os to afford fine material that will be allowed by tlie 
twooni to remain on the bumps while the rest of the small chips go m 
the hollows with the large ones Onlj m tins way can one prevent 
excessive tinkeniig round with pce-mixed chips on the lugh or bald 
spots as desenbed by Air Amir 

The following is a screen analysis for suitable grading with a 
great deal of tolerance — 
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The qL.aaUt\ of ch p? required will \a.r\ aocordiug to the rousjbneviv 
betc^ if the ^urfact. to Le treated i> ^moot’ er 

The quanUU of total binder vi-iIl \ar\ mui.h the quaulit\ oi chijis. 

\,5^ie-,ate tor coienn^ the tolled "urface ‘-hould be of fine '-tone 
'A.reeain^ o'" \en coai-^ sand pa>*m" a J inch but retained on a | incli 
square me^h pread oii-er the road b\ luean^ of the dng broom at the 
rate of i J cubic feet per hundred square feet and then tinalU rolled in 

The stone for the as:sregate for road uua. eal a:* v\ell a> for drag 
sp ead pre-Tiix '■hould ha\e a French Coethcient of Wear of not 
than b wet. 


CObT 

The ectet of this road mix seal wxirh is gi\ en m the o.uuparaU\ e state- 
ment attached (page 171) In this particular case the ngures gi\en should 
be tahen as a rough guide onlj as tlie chips on tlic Muzailarpar 
Sitamarhi Road job were not well graded and not quite enough were used 
for such a rough surface 


THE DR\G SPREADER, OTHER USI^S 

In the last 2 or 3 j ears, the drag spreader has been used m \ ivtona 
along with surface penetration methods for road surfaces that are too 
undulatmg to be suiface'dressed 

First the undulating surface is cold pnmei .1 or w^uxii a t uk coat 
and the drj chips are sp^ad ju t m the same waN is tlu. pte-iui\ 
snioothenmg or weanng course ab«\e descnl'cd b\ the dng spieuKr 

The liips are Uien puiettatcd with bitumen emul u u and roUcvl 
and umsbed as descnbcd abovx for the iwc mix The 1 K i, of course 
IS to sa\'e the cost of pre-imsiiie. 

It IS not quite so sju pie ns it seems. 

Though a slow breaking cuml ton is uicvl so th u twes* bmdvr 
will ha\e time to flow down into tlie hollows where the aKxixxitc 
deeper, it is diflicult to get enough binder mio the UiKk uvi^rcKite ovet 
Uic hollow's without getUng aa excess of binder ui the Him 
o\cr the bumps, thus leading to fat spots ’ later 
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The author had been expenroenting oa much the same lines m 1935 
before the hand drag had been developed On the Patna Digha Ghat 
Road as we then had no cold primers we primed with hot No i Road 
lar and blotted with sand When dr} we spread chips b} means of a 
home made planer drag and penetrated with eitl er Colfix: or Colas 
diluting the emulsion with local water Ihe work lasted a few months 
only failing after the author had been transferred The causes of failure 
were doubtless the great seveni> of the cart tnihc the quality of chips 
used and possiblj tlie dilution of the emulsion 

The process was not developed 35 it was referred to a Conference 
of bitumen engineers in Bombay who opined that the practice had but 
little hope of useful development 

ITie author still thinks that under tight control this system of drag 
spreading dry aggregate and then penetrating it may be of use for short 
lengths where there is but little -^teel tyred traffic and where it would not 
pay to set up raising plant but for an easy fool proof corrective method 
he would go straight for the drag spreader and pre mix especially where 
there was little or no steel t) red traffic 


NOTb 

(For both the drag spreading and dr ig Broo mug prooessos J 

When first attempting the processes it will be better to choose the 
quantities of materials so that the consohdated thickness of the material 
over the bumps will be | inch instead of ^ inch Operat ons for the \ 
inch cover require a little more skill especiall} m the ease of Drag 
brooming and so should be left till all concerned have spent two 
or three days on | inch vork 
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I PK1MIN(. 
21 lbb> 
o,.q ft 


iKb A r" 


DRM. I 

I^G I 

Binder 4O lbs j 

Onps 12 cu ft 

i\ .<1 ft ) 

3 DRAG BROOM 
ING 

Binder 41 lbs 
J- cbips 5 cu ft 
1 ” chips li* cu ft 
j(% sq ft) 

4 loRDiNARY 
SURFACE 
[treatment 

‘Binder 34 lbs 

Ichips 5 cu ft 
)(%sq it) 
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SoU~ 

f » The Author has suggested the system t 4 / j 
, to enable any one to quicXly asoertam 
f would cost if done in his locality All fie 
' rates for the alphabetical factors as enj t* u< ^ 

b =» Cost in rupees per Engli<-}i 
including all freight and carnage, j ' 

bitumen, it assumes the drums ba\c Ua ^ 
The weight of the containers is to be 

c “ Cost, to deamals of a ruptae, / 
local non expert male coolj The facf/r 



Should any eu^meer desire to increase tae b^der i.a\ in item 
4 from 34 to 42 pounds per bimdred square feet ie ‘mil 
factor jjxo 0152 b instead of 5impl> 00152 b The other items mil 
not be appreciabl> effected 


Si>I CIFIC^TIONS 

Detailed bpecifications folloi\ for each process In this respect it 
may appear to be bad pohcv ■when trying to populame a work process 
to set down scores of shalls and shall no ts Really -^peal-in" however 
this Specification is a collection of pieces of ad\ice mam of tliem of 
minor importance yet all helping to vards turning out a good job It is 
hoped that the length of the specification will not frighten those 

who have not yet used the process 

This manner of setting out the advice as a senes of formal lUstructioii*- 
13 adopted so that the text can be used as specifications in contract 
documents 

bo far as the author knows this is the first written specification for a 
chipping carpet spread by hand dragging As regards the road mix seal 
process the author has not seen any descriptions other than those given by 
Captain Graham (Paper P) and Mr Amir (Paper E-3g) before the Indian 
Roads Congress Volumes V and VI respectively 
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order m writing that dean coarse sand shall be spread as a blotter Any 
such order shall also record the reason for the exce^s^ of binder on the 
surface 


TACK COAT 

This shall be of approved bitumen emulsion, or cold bitumen or tar 
cut-back apphed at the rate of 10 to 14 pounds per hundred square feet, 
as ordered by the Engineer lu-charge. 

Where the surface is a bituminous one, a tack coat shall be done 
as follows — 

If the surface be ' dry , m poor condition, and nichhcd to be 
brittle or showing too much niiiiLral content, or if the carpet is to be only 
I inch consolidated depth over the highest spots, the lack coat shall be 
done over the whole area of the load to be treated and sinnlarl> for 
cement concrete surface 

Where the bituminous surface is m good condition and the depth 
of carpet over the high spots is to be ^ inch, onlj the edges of the 
pavement for a width of 6 inches shall be given a tack coat Where 
grooving of the edges is done, grooves shall be treated 


AGGREGATE 

The stone chips shall be clean, tough, durable free from dust, dirt, 
or other foreign matter, and have a Trench Coefiicient of Wear of not 
less then 8 wet They shall be free from excess of flat, elongated, or 
rounded particles 

No aggregate shall be accepted if it is known to have a tendency to 
stnp when used with bituminous materials 


GRADES (not grading) OF AGGREGATE 

There shall be two grades, coarse and fine 

Coar‘;e grade shall be that m which the largest chips will pass 
through a screen of J inch square mesh 

Fine grade shall be that m which the largest chips wdt pasjf 
through a screen of J inch square mesh 

^Tbe coarse grade shall be used for sniootbemng courses and for 
wearing courses of J mch consolidated thickness over the highest portions 

The fine grade shall be used only for wearing courses of J meb 
' thickness over the biglicst portions 
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('.UAIilNC OF AGGRFGATn 

i'hcrc vhall he tuo grading"; of boUi the coarse and fine grades, vn 
hai'.h grading and proper grading. 

Harsh grading shall le that in which tlie various quantities of the 
different m/cs ha\e no definite relation to each other. Harsh grading is 
deficient in certain sizes, chiefly small, and has a high percentage of voids. 
No grading will be accepted or allowed which is so harsh as to result in 
ditlicult\ or in une\ ciincss in spreading 

Froiier grading shall be that in which the vanous quantities of the 
different are such that the voids are minimized. 

Harsh grading shall be used in the smoothening course It may he 
used in the wearing course if this is to be separately sealed, or if the sub- 
grade has been water-proofed 

Projrer grading shall be used in the weanug course where this is 
not to be separately sealed, and where tliere is any doubt about the 
water-proofing of the sub-grade. 

The kind of grading to be used shall be decided by the Engineer 
in-charge 


‘STACKING THE AGGREGATE 

Stacks shall be made at places at intervals of about 400 feet, and 
lhe> shall, where po-sible. be placed on old bitumen container sheets or 
such like, upon dry, clean, level ground, handy to the roadside They shall 
not be placed on the earthen flanks. Stacks shall be covered to prevent 
their becoming wet when there is risk of rain. 

Wherever a proper grading aggregate is used, the larger aggregate 
should be ^^tacked separately from the smaller, to facilitate mixing. 

The aggregate shall preferably be stacked on the leeward side of 
the road, considering the direction of the prevalent wind at the time 
when the work will be done, as the mixer drums will also be placed on 
the leeward side of the pa\ement. 


BINDER 

If an emulrion be u^etl. it shall be of an appro\Td medium, 
curing type. 

ff a cold tar bitumen cut _ . . 1 

rapid-curing t>’pe. Ifanyapprc.* I' 
the beating shall be carried 

be properly controlled by thermometer, gteat kre being taken" ’* 
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the tempemure ssell %\ithm the maximum aibutd bj the suppliers 
of the binder 


The ioMowitig shall be taken as a rough guide for estimating the 
amount of binder to be used per cubic foot of aggregate 


1 

1 Cold Of Hot Cut backs j 

Emulsion 

Harsh gratlmg j 

: 3i to lbs ( 

lbs or J gallon 

Proper grading 

j 1° 4 1 

jhor tar binders add yi per cent 

6 lbs or 1 gallon 


BrroRr 

Samples of the materials and details of the proportions to be used 
shall be approved of bj the Engineer ui charge prior to the commence 
meat of the work and the details of the proportions shall be adhered to 
unless an alteration thereof is ordered in writing to conform to anv 
variation m the grading or to suit any special requirements of the work 


MIXING 

Mixing shall be done either in mechanical mixers or in a number 
of revolving drum mixers as described in the attached drawing Plate l\o 3 

The mixing drums shall be placed on the leeward side of the 
pavement considering the direction of the prevalent wind and in such 
a way as to enable materials to be taken to them and from them with 
the least possible confusion and congestion of movement 

Mixing shall be m charge of an mtelhgent and responsible 
person who shall have no other dut) whiNt mixing or preparation for 
mixing IS m progress 

The mixing drum shall be placed on sheets of oW iron so a« to 
facilitate recover 5 of fallen material 

Sufficient drum mixers shall be emp/oved to keep the drag moving 

Should It be necessary hrst to mix water with the dr> aggregate to 
assist mixing with emulsion or to prevent premature breaking of the 
emulsion the water must be clear and reasonably free from salts which 
may affect the emulsion Such water if used shall be used mostsparuiglj 

Each batch will be of the same size The respective ingredients 
shall be handled in containers that will just take the amount of material 
required per batch and care shall be taken that no material is m excess 
or IQ dcQcit lu any one batch 



I tr*>t the Ut>rt dll] Oiiltlr uitti iImmiI ntit llilid n| 

lUc hinder Then the ii »irc cht^i* mil tin. Kvoinl thlul t f llu 

hinder ^Iull lie addcil md inixetl the { hit It 

sciecii and the hiliiiLC of tl e hiudir'hill he addctl md muttl lulling 
up inuit alv> 1 1 ptttcnUd hv nol unxni^fur too toiij; u j tiioil 

\n\ ptc mix falhuti fioiii tin diiiiii iiiixti tthen uitlo tdliin «h ill he 
loaded alun,; with the next hatch .md not he illmttd tii ” ^tt up ' xt ht 
tvasted The mixers 'hall he ULllIuhtn. tied .md ^1 dl I e tit mtd oUi 
wiUi crude oil at the close of the da> 'h woik 


1 I I.DINT. THK DUAt'. SPUTAIH.K 

The ptc mix *hall be earned prompll) in cU m hntl "A H.iit** Iti 
the drag spreader The prc-nn\ rhall not be IhimtU or dumped on to tiu* 
road in front of the blade so as to tlTtct patliid tuiisolidiUlon . hnl 'llitll 
be spread ijniforml> "ith "Airnn kept mar the Kiuliiid 

As the lead to the spreader becomes less, 1,01110 of the etttl>ln)t 
coolies shall be diverted temporarily to oilier \Mnk sueh rti “euentnu. 
cleaning plant repairs m the adjacent half of the 10 ul, etc 


drag SPRI'AIJING Till 1»UU-MIX 

The work shaU be under uii expel leiieed, iulelhj^enl mate or ganttoi 
whose undivided attention it shall receive 

Except for the giving of mstnielmiis, stnel >ulciiec bo obsetved 
by all concerned 111 Uic work of drag 'ipreadmg 

The drag shall be well 111 irked by a ted tlag, at least a feet tapiaio 
and at least seven feet high above the raid siirfaeo. to iiidkate to om'tmilnK 
traflic that it must give wa> MiUndspuul by tlio drag Imt not >ot 
rolled, shall be protected cffeLlivclj from trithe {ledcHttiiU' and iiiimuls 

Spreadiug shall follow imuicdi Utlv on the giving of the tack, coat, 
or as soon as tlie pruned surface is drieal 


SETTING or THE UI AL>i: 

Spreading shall be to such a depth lU\t thepre-inix, when consoli- 
dated, will have a depth of either | inch or j inch over the bumps The 
setting of the blade shall be determined aexordmg to the nature of the 
aggregate, and the thickness of the courM. to be done, and it i* 
to be chewed at mtcrvalsbj observation of the depth of some wasolidatr-' 
Uiatenal it has spread. 
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S Jf \ -L;# rer^^^c ..^ .oreups =:-4it*r. 

/I vi .4 ,/ 4Sj.'c:«4 > « I«**er ^ ' t ca: 2 -^ > . ‘U.e ^ be reja*red or 

t » wvol ^ r<4~i“ 4 /-f fc-e p-e - z 

\ tic^ <x> t <4t irr-l4 p<" ^'-da per nr:zdr«ri _/ z-ire leet tzsn c^ 

^pp ‘^d t/*t.eo 'C t*-e cd<£3 or, d tze Ez^^zeer rz-c^-zr^e 

’ee-j jt -<xe: ^f/ t, en V> ^Vj- ‘zrf<4ce, fo^tze receptAca cr tze 

Atsitir/ e 


vVE-iKL\0 COLR-E 

fli3 ijt appi ed .u abo, e-Cfejcrioed cader ‘ I>r^g ipreaduig 

.*ofl Rolling' either oa tFe treated old pa.e'aeat or on the saiootaraiag 
or c^/rrectivt coarse 


sLRF^CE PIELI>G 

(t/» ^tar rg coarse) 

Refoie final rolli-’g l>een coTipIeted abo-ie, gnt screenings or 
Sand pa ang J inch square mejh screen but retained oa J mcb, shall be 
’prca/l evenly over the whole surface at the rate of about ij cubic feet 
per hundrej s^juare feet preferably by drag b’'Dom Rolling shall be 
c/>mpltttd, and the road shall be opened immediately to poeumatic- 
tyred traffic 


CEEAMNG UP 

At the end of each d,iy - 
all pi mt and tools that have been 

and bit* of old bagging and rag> 

kft till tilt morning of the follov/ing day 

On Completion of the work, all shall be left clean and tidy, surplus 
aggrt,,atc and binder being kept under watch tiU removal to the depot 
or to other work«t, along with the tools and. plant and old iron sheeting etc. 

Empty drums shall be returned promptly to the suppliers or sold m 
]iublic auction to the credit of the work 


1 RANKS, IlEUMS OR SHOULDERS 

These shill be built up and consolidated without delav to help 
Mipport the edges of the pavement They shall be given suffiaent cross 
f dl to dram the crest of the road and, where possible, shall be stabilized 
*«r tfAtrcd with gravtl fraiiAnr or similar material 


MAINTlNAMCi: ^TTER COMPM TIOM 


shall be mamtained after completion for a penod of 

*4 ?”'! fhould any local failure occur during this period the 
IntmidfmlV^ '' **!{ removed and replaced with material similar to 
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SPECinCATION FOR ROAD MIX SLAl BY MEANS 
or IHE DRAG BROOM 

riub specification is for use on water bound macadam surface treated 
macadam or other bitummDus or cement concrete surfaces which are too 
undulating considering modem speeds to be given ordinary surface 
treatment On surfaces where the crests or bumps spaced any distance 
up to iboat ten feet apart are mare than J inch high above the bottom 
of the hollows this method should not be attempted but a pre mixed 
chipping carpet should be drag spread 


TOOES \ND PEANT 

KEROSENE TIN CAN POORER 

Ihis shall be substautidll> in accordance with the attached drawing 
Plate No 5 


DRAG BROOM 

T'his or these shall be of stiff durable constructian on the lines 
indicated m the attached drawing Plate No 4 The component brooms 
shall be of the stiffest possible durable texture and of the same design 
The lower surfaces of the component brooms shall allbemg the same plane 

The drag broom shall he furnished with two tow ropes of length 
about 30 feet and diameter about i inch One end of each rope shall be 
whippy to prevent unravelling and the other shall be fitted with a 
"Strong hook for quickly engaging or casting off the drag 


ROEEER 

rile roller "^hall be a powered one and shall move smoothly stop 
without a jerk and reverse both qiuckly and witliout a leck. It shall ha w. 
good condition and shall not drop oil water or coal on the surface of the 
Toad 


The toller shall be provided with scrapers to all rollers 01 wheels 
and also a means of either wethng or oiling their surfaces to prevent the 
picking up of hiliimmous material 

A differential dnve is preferable but not essential Rolling on 
curves shall be done after removing one dnvmg pm 


binder 

This shall be of Mid medm ii-curmg bituminous cut back Socofit 

has been found suitable for the purpose but. doubtless the other 
supplying binder have eqmvalent preparations 
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The quantity of binder used per hundred square feet of road will 
depend on the degree of undulation and on the nature of the binder 
and of the road surface to be treated The following shall be taken as an 
approximate guide only. 


Naturo of burface 

rotal Ibindtii rt juired for 
luixing, excluding reserve of 

3 lbs % sq. ft. 

tJ)8 per hundred ft 


For 4" 
tliicl>nLSH 
over bumps i 

For couHoh- 

dated tbicLncAtt 
over 

u ups 

Cumeiit bound or ronctete siiilices, bitii 
minous conciete and surface treated oi 
pnmod macadim suifnees which tic juvt 



too undiiliting to be suifjce tieited 

Cement bound oi concicte suifice^-, bitu- 
minous concrete iitu] surface tieated oi 
ptimed micadani sui faces which aie 

not undulating enough to lequne diag 
spreading of pre mix, le hollow'' not more 

30 

35 

than below \>umps 

Unpnmed water bound macadam sui faces 
which are just too undulating to be surface 
tieated 

35 

40 

XJnprimed water bound macadam surfaces 
which aie not undulating enough toieqinie 
drag spretding of pre mix, re. hollows not 

40 

45 

moie than below bumps. 


50 


Note* For first spreading on the road, befote spreading the chips. 
No 1 or No A Uoad lar, applied hot, has been used m lieu of cut back, t e 
as bottom or seil binder, bitumen cut back being u*^cd as the top bmdei 


AGGREGATE 

The stone chips shall be clean, tough, durable, free from dust, 
dirt, or other foreign matter, and have a French Coefficient of Wear of not 
less than 8 wet They shall be free from cxce^ of flat, elongated, or 
rounded particles 

No aggregate shall be accepted if it is known to have a tendency to 
strip when used with bitummous mateiials. 
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GRADES (not grading) OE AGGREGATE 

There shall be two grades coarse and fine 

Coarse grade shall be tliat m which the largest chips will pass 
through a screen of J inch square mesh 

Fine grade shall be that m which tlie largest chips will pass 
through a screen of J inch square mesh 

The fine grade shall be used on pavements where J inch cover is 
required o\er the bumps 

The coarse grade shall be u^ed on pavements where } inch cover is 
required over the bumps 


GRADI\G AND STACKING OF AGGREGATE 

Attention to grading will greatly facilitate the work Screens shall 
be of square mesh ^ I J and inch m the clear between wires and 
u«ed at 30 degrees to the honzontal 

All the material to be used shall be passed through four screens 
the material passmg the J inch screen being kept to one side 

The ^ and ^ inch screenings shall all be stacked off the fiank, and 
likewise all the ^ inch except about i cubic foot per hundred square feet 
which will be ^tacked m reserve stacks of 5 cubic feet, off the flank 

Some J inch screenings shall also be stacked off the flank at the rate of 
1 J cubic feet p r hundred square feet of road for surface filling and not 
for mixing The balance of the inch screening® shall be stacked on the 
roadside flank for mi\mg whilst drag rolling but they shall be stacked 
near the edge of the formation so as not to obstruct the cooUes while 
hand- dragging 

The arrangement of stacks is indicated diagramaticaUj below — 


H S CD iiE] Q fi Q 

i"i*i I 1 t t IT'i' T 
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The ground on which chips are stacked shall be level, sinroth, and 
clear of vegetation, and all the stacks shall preferably be made upon old 
sheet iron such as that from old bitumen containers 

The a, ^ and ^ inch stacks shall be made on tiie dank or shoulder 
and shall, as far as p(;ssible, be placed alternately 

The grading shall be such tliat for J inch v>ork, the total volume of 
the I and 4 *°^h stacks will Le about zi times the volume of the ^ inch 
stacks, and for the i inch v\ork the volume of the iJ inch chips will be about 
twice that of the J inch chips 

The following table is meant to be a rough guide as to the total 
quantity of chips of all sizes required for each kind of surface as measured 
in separate stacks 


Nature of existing, par^meDt 

Total tolunio of chips m 01 ft per hundred 

8(] ft to bo btaeked on thoflauk J liid excin let 
icserxolcu It per hundred p<j ft of 3/8 n ch 
chipH and 1} cu ft per hundicd ft of 1/4 

incli 8Urfai.e filler material etad ed oIT the flank 


l<'or i/2 ii ch coUHO 

1 lidated th ckuosa oter 

1 butnpe 

For 3/4 inch coiiRO 
li fated thickness over 
liuinps 

Cement bitiimniou‘=i ot 



wiitor bound, which i<- 
just too iindul ding to 
be surface tiented te 
hollona are not more 
than J inch below ad'| 
jicent bump8< 

1 

7 

Jto 

Surfaces as above^ which 
me mofe iiiidtil iting i e j 
hollows ate as deep 118 
J inch below adjtcenti 
bnmp<« 

8 

13 


Where possible, the stacks shall be placed on the leeward side 0 / 
the road, considering the direction of the prevalent wmd at the time thef 
work js earned out They shall be placed only a few days before the 
Work IS to commence 


It IS of the utmost importance that the stacks shall not be placed 
so as to interfere with the labour spreading the materials who must use 
the flanks In particular, the J" stacks shall be placed clear so as not tor 
mterfere with the coolies when hand dragging 




COLLI CTION 01 MATCRIArs 


Before collection of materials at site sanijileb sli ill be ijiproved 
by the Engineer m charge and no deviation from ‘'ucli approved samples 
shall be allowed unless given in writing by the Engineer m charge m 
order to conform to an> special requirements of the work 


PREPARAIION 01 THE LXISTING PAVEilLNT 

Any uneven Iv graded ectious or long undul itions shown by an i 8 
feet straight edge shall be rectified as far as possible Excessively high 
bumps '^hall be cut donn and long depressions «haU be built up with 
macadam bituminous if the existing surface is a black or temenl one 

Pot holes or similar escarped depressions shall be well cleaned out 
lightly primed and well filled with a pre mix of the largest possible stone 
and well rammed 

Fat spots shall be cut out and the surface bhall be r^.^>toted to the 
original condition 

Traffic shall be allowed on the road for it lea t i iiionth after 
these repairs have been done 

The pavement to be treated shall be dry and shall be throughly 
broomed to remove all superficial foreign matter The interstices of the 
taetal of Water bound surface should be cleaned out lightly with steel wire 
brushes so that the edges of the pieces will remain about inch proud 
Before applying the binder the surfree shall be dusted clean by bagging. 


APPirCATION or BINDER AND FLANK AGGREGATE 

Before giving the order to commence the application of the binder 
the Engineer in charge or the person authorised m writing by him to do so 
shall inspect the arrangements made and shall see that there is sufficient 
binder and also that the quantity and arrangement of the aggregate are 
correct 

Whilst the surface is being cleaned as aforesaid the edge of the pave- 
ment shall be marked off m equal lengths such that a length multiphed by 
’the breadth of the surface to be treated shall equal in square feet the 
area which is to be covered by two gallons of binder assuming that one 
gallon of bitumen compound weighs lo pamdsandone gallon o| tar loj 
pounds 


Bottom or seal binder 

Ibis work shall be in the charge of an intelligent responsible* and 
expeneiJced person who «hoIl have no other duty whilst the work is m 
progress 

The binder shall be spread from the above-meotiooe<l kerosme-t 
pourers (Plate No 5 ) each holding two gallons 
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rije biiKler shall be ladellcd froin the stock container to the iJourin^ 
can by means of a mu" or dipper containing one quart Creat care shall be 
taken that no bin Jer falls upon the pavement where it will cause an ex 
cess and also that binder i>not wasted an the funk of the roul The tn> 
mentioned in the plan ‘•Inll be used 

The bind r ‘'hail be poured evenij over the whole surface except for 
2 or 3 inches ilon^ each e ige Pouring shall oe done b\ well practised 
persons starling along the crown and moving smartlv back and forth along 
the road uid no/ across it Care shall be taken "O tint there wiU be no 
excess of binder on the road as the poiirer rever cs tlic direction of pouring 

The poured binder vhall then be sjircad evenlv over the whole surface 
by means of rubber squeegees or 111 the case of water bound surface 
by bass brooms The men who do the spreading shall be Jiosen for 
strength as well as mtelligcuce and they shall wear wooden sandals 

The amount of binder to be spread on the existing pivcjnent shall 
depend upon the nature of tlie surface and the required thickness of the 
treatment 

In the case of water bound surface tli-' binder shall be applied at 
the rate of about 30 pounds per hundred square feet and in the case of 
other surfaces at the rate of about 20 pounds per hundred square feet 

Should the camber be such that the binder tends to nin off the 
pavement the binder shall be applied m less qnantit> 

Where tar li, used tlie quantity b) weight shall be increased by 
7 per cent 


SPREVDI\G THf M MM VGGRLGATF 


The work shall be in the charge of an intelligent responsible, and 
experienced person who shall have no otlier duty whilst the work 
IS m progress 


The aggegate shall not be spread by the coolies bringing the 
■aggregate It shall be spread bv experienced men to whom the coolies 
shall han 1 m it clean iron kariis 

The spreading coolies shall wear wooden sandals 

i taken that only the largest size aggregate the 

at fir * ‘“ch work and the j inch size for J inch work is spread 


This size shall be spread only in the hollows and to indicate the 
Hollows to the •spreaders there shall be at least one man on each side 
vV ^ ^*sbt S foot straightedge fastened transver«5elj 

t le end of a bamboo handle of length about ^ of the widtii of pavement 


be spread evenlj m the 

ntl none on the bumps before any other aggregate is spread 
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In the ease of the { wch thick «ork, the whoJe of (he I inch chips 
shall then siinilarlj bespread equally over the wliole surface and, when 
this IS done, the u hole of the inch chips stacked on the flanks shall 
like wise in turn be spread 

In the ease of the ^ inch thick \%ork, the whole of the ^ inch chips 
shall be spread equally over the u hole area, including the hollows where 
the t inch chips shall have been spread already 

The length which shall thus be covered with aggregate will be 
determined bv the speed of the work and by the rate of evaporation from 
the binder which causes it to become more viscous Doubtless 200 
running feet will he done at a time 

During the spreading of aggregate, the next length ahead shall be 
similarly marked out and treated with binder ready for the spreading of 
aggregate 


LIGHT ROLLING TO MAIN AGGREGATE 

After tl e main aggregate is spread, it shall, if of verj hard and lough 
chips, and if ordered bv the Engineer m-charge, be given a light rolling of 
two or three taps 


POURING THE TOP BINDER 

As soon as ibe aggregate has been dealt with as aforsatd, leaving only 
the inch chips dealt with on the flank, the top binder shall be spread by 
means of the kerosme tin pouring can (Plate No 5), above mentioned 

The quantity per hundred square feet shall be the amount, indicated 
under para ' BINDER ' above less the amount expended as bottom or 
seal binder, or as ordered by the Engineer m charge 

For spreading this binder, the edge of the pavement «hall again be 
marked off so that the length multiplied by the width of pavement shqll be 
the area to he treated with z gallons of binder, one gallon being taken as 
ten pounds 

The top binder shall be spread evenly over the whole surface of 
the aggregate by experienced men who shall have completed pouring 
the bottom binder on tlie *^ection alicad This work shall commence at 
2 or 3 points m order to save time 1 he men spreading the binder 
shall wear wooden sandals 


MIXING BY HAND DRAGGING 

This work shall be m the charge of an intelligent, responsible, and 
experienced person who shall have no other dut> whilst the work is 
in progress 

As soon as the top binder is poured, iiuxing shall commence 
dragging the broom bj hand The dragging coohes, 3 or 4 on each 
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shall move alonj the flank on each side of the work, holding the rope near 
the free end and moving at a uniform rate without stopiimg until the end 
of the work stretch By means of a short bamboo, with a book on the end, 
one man proceeding alirnst of the front of the drag, shall do any gmdmg 
tint may be required 

Silence shall be niamtamed except for the instructions given by the 
person in charge of the drag 

The broom shall be dragged so that it bears equal! j on tlie road m 
front and m rear and also from side to side This is most important 

The broom shall be dragged back and forth, starting at the edges 
of tl e pavement and working towards the centre, till it is seen that all the 
cliips are more or less coated with binder Six to ten trips should be 
sufficient to ensure this 

Should mixing be too blow, a man shall load the broom by sitting la 
the centre, or one man shall be placed at each end of a short ladder secured 
centralh along the broom 

After loading the broom with men, should it appear that the high 
places m the old pavement are being stripped of aggregate, or should 
it appear that the aggregate in the low portions is not being disturbed bv 
the broom and thus covered with binder dragging shall cease at once 
for rectification work to be done 

KectiScatioa shall be by placing additional aggregate of the largest 
size only m the hollows, and covering it with a little binder spread at 
the rate of approximately 5 to 8 pounds per hundred square feet Very 
little should be given 

At the same tune the reserve ^ mch chips stacked oS the flank 
of the road shall be mixed in icon karats by means of mason's trowels, 
with binder at the rate of about 3 pounds pec cubic foot, and this pre- 
mix shall be spread in a thin film about ^ inch deep over the high 
ivoitions of the old pavement, or over the “bald spots" 

Should such rectification become necessary, a report should be 
submitted to the Engineer m~charge on the evening of the same day, 
describing the extent of the rectification necessary. The Engineer in 
charge should report to higher authority stating whether the rectification 
was due to materials enough only for a fairly smooth surface, being used 
on loo-undulating surface or whether it was due to using the process of 
drag brooming when owing to the rouglmess of the surface, drag spreading 
should have been done, or giving any other reasonable explanation 


SIMULTANEOUS MIXING AND ROLLING 

After 6 to 10 tnps with the hand dragged broom, or after rectificatioo 
of defects as above, the drag shall be attached to the roller, as dose as 
X 9 possible in order to prevent the front of the drag 

Mombemg lifted when being dragged 
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xoU« has made t%>0 « t three trips with the drag in tow 
and It IS seen that the aggregate is being mued with binder in the bohows 
and that the ^'inch pre mix is temaimng m place on the bumps the 
remainder of thft i reserve chips stacked of! the Hank shall be 
spimkWd. over the whole surface followed by tlie i to ^ inch stuff stacktd 
on tlie flank This s.prirtkling will be gi\en by experienced men wearing 
wooden sandals 

This spreading of finer aggreg itu shall proceed whilst rollmg and 
dragging are in progress The spreading is to be done from iron karaxs, 
and great cate shall be taken that the material is well scattered over Uie 
whole surface as its purpose is to form the matrix On no account shall 
there be segiegavions of this fine material on the road surface as a result 
of spreading 

As soon as it vs seen that this finer material is also coated with 
binder and that the surface is compact and smooth the drag broom 
shall be removed and final consolidation shall be done by uniformly lapping 
each preceding track by at least one half of the width of the rear wheel of 
the roller and rolling the entire surface m this manner 

This process shall be continued until all roller marks are eliminated 
and until there is no perceptible movement imder the roller The roller 
shall not remain stationary on the work for any appreciable time On no 
account will excessive wetting of the wheels be allowed 


SURFACE FIUUmG 

Before final rolling has been completed the finest chip screenings or 
sand passing } inch square mesh hut retained on mch vshvch'was 
stacked off the fiank for this purpose shall be spread evenly over the whole 
surface at the rate of about ij cubic feet per hundred square feet pre- 
ferably bv the drag broom and rollmg shall be completed 

At the end of the day s work the roller shall pass completely off the 
fimished surface at the completed end 


PROGRESS 

much as possible by keepmg the 


no one operation such as pouring 
may delay the rest of the work 


OPENING TO TRAFFIC 

Oa completion of the surface filling the pav ement shall be opened 
immediately to pneumatic'tyred traffic Steel tyred traffic shall not be 
allowed to use the surface tUl after one week 




CLEANING UP 


^ care bit til be taken to dean aU 

plant and tools that have been used Tins uill be done with crude oil and 
oite ot old bagging and rags, On no account shall this cleaning-up be left 
till the morning of the foUowmg day 

completion of tlie work, all shall be left cVaii and tidy, surplus 
ggregate and binder being kept under watch till prompt removal to the 
aepot or other works, along with the tools and plant, and old iron sheeting 
nrapty drums shall be returned promptly to the suppliers, or sold m public 

auctionforthecreditof the work . p 


FLANKS, BERilS, OR SHOULDERS 

The edges of the completed pavement shall be neatly dressed to a 
continuous even line 

The flanks shall then be built up and consolidated without delay to help 
pavement They shall be given sufflcient cross 
dram the crest of the road and where possible shall be stabilized 
with gravel, kunker, or similar local matenal 


’MAINTENANCE AFTER COMPLETION 

rile pavement shall be maintained after completion for a penod of 
three months and, should any local failure occur, the surface affected shall 
be reiimved and replaced with pre mixed ^ mch chips well rammed and 
unished with finest chips or coarse sand passing i mch mesh and retamed 
on / inch 










plate s * 

— The Kerose/je.- //n Can Pourer — 




HAndltMyioulJ i>A *ve// made from 
tinp AboJ rfdb editt curlaJ iofaehtaU 
arp ^aa/^arttd a, th Urge waoheri and G ! 
Ao//s tk nuh doH' htado U he mudo fafucdifu 
citaning Lower bo/f Ad a if a iher waaber^ 

h prtyenf Uakage 


Perjorahom abouid ba made by :/rt<nng « 
nA ! right through Size <f hole, determined by 
\/Acaeify of iL b nder 0 Jftren* eena 

have hoL of dffannf Sizes for djftrtnf 
ktnda of binJer ifa baiUr % have fhe 
holes made from me inside , with the bory-ei 
edges on the outaida Thia ff/acl can be oifoine 
by holing A thee! ef hn and soldering ih over 

%e neeeasary gap cuh in the side if >he hn 
7he heat method ta fa dn// fie ho/ee 
tather /Aa.n, punch /Atm 

To prevent waalage <f b nder e,fo pre^en 
hinder being apdled on the road surface thus 
esusing excess, And a subsequent- fa f spoh' 
the pouring can , when being filled should hi 
placed on an iron tray of sheet about Z 6%^ q' 
With its edges turned up ebaut 2f, , r«inf,rcea 
and solder ad t 


Cans to be cleaned wdh crude etf 
^siefy after use , end shred up-stde down. 


CUl.V<STION 
POUR NO 
AiOC. 






CORRESPONDENCE 


i Mr W t Murrell, QBE, (Author).— Cases have recently come to ray 
^ notice where the available stone chips are good enough for ordinary surface 
I treatment but not good enough for a premix chipping carpet, as the 
' local steel red traffic cruslies the chips and overloads the relatively 

small amount of binder in the premix I, therefore, suggest that after 
the words" surface dressing and road mix seal “ in para 4 of page 
160 of the Paper, the following may be added — . 

Where the steel tj red tnflic is \ery dcstructne, chips tbit are fairly 
suitable for surface drcssin;; for ordiuary tratiic hut not suiitb e for a prcmix chippini; 
carnet would he used in the prctuix stnootheuuig or correcti\e course To finish oif 
eiibirlhe best lough hard chips should he brought for ihe dng spread premix 
\u a ling course or the usual chi]s should he used lu a surface dressing over the 
prenuxed sraooihening couise 

As regards Loading', I suggest that the following should be added 
under Mixing ' on pages 176 and 177 of the Paper — 

Para 5 after " moving ’’ add the following — 

W ith strict control of loading and unloading eight drum mixers should 
suffice This allows for two at a lime being moved forward ” 

Para 7, after * one batch " add the following — 

The containers for the aggregate shall consist of strong hut light wooden 
boxes each fitted mth two handles so that two men can lift the chaige and dump 
It into the mixer 

Containers alreidj filled with material for the next charge, shall he ready 
bciiidethc drum mixur before the previous charge is unloaded from the mixer" 

Regarding "Feeding the Drag Spreader", page 177, someone 
working on this Und of job once suggested that, if barrows were not 
available it would be better to unload the premix from the drum on to a 
platform which could be lifted out by handles and taken to the spreader 
I would, there&sre, suggest that the para "Feeding the Drag Spreader" 
should be corrected to read as follows — 

'After the aggregate and binder arc mixed, the premix shall be unloaded into 
a wheel barrow or portable platform placed immediately below the drum of the 
mixer ' 


If wheel barrows are used, they shall be as wide as possible but so as to pass 
easil\ between the two end vcrttcal posts of the mixer^ and a plank shall be nailed, 
acre's the hose frame for tie wheel of tie barroir ” 

‘ If a movable platform is used, it shall be substantially to the design shown 
m Plate ISo 3 A opposUc page 190 b" 

In any case, the premix shall not be thrown or dumped on to the road in 
front of the blade so as to effect partial consolidation, but shall be tipp^ and 
dutnbulcd lightlj ' 


Comments by Mr S A Amir (Bihar) 

(i) I hope I am not wrong in thjnimg that it is for the first time 
that ‘ drag spread" surfaaog work has been introduced to members of the 
Indian Roads Congress and as such, the author of the Paper desenres our 
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thanks From what we have seen of this ^ork as done* m Delhi, it is easy 
to visualise Us scope and possifaihlies and I feel it is bound to pla> aa 
tmpoTtant role in future surfacing work in this country also 

(2) As regards the use of drag broom in surfacing work, actual 
persona! experience has brought in me a different feeling In fact, I wish 
that the author had not given it an equal status to the 'drag spread' work 
by discussing and recomtneodiog both m the same Paper So long as I 
bad not done any premia work, the drag broom work with certain 
advantages over 01 di nary surface pamting work recommended itself, but to 
those who have done premix work even by ordinary hand!a>ing, drag 
broom work is bound to appear less straightforward and more a bother 
with higher cost and not equally good results 

(3) Doubtless, the author has taken pains to make his notes 
exhaustive and practical m details I have no comments to make on 
the drag spread work of which I have no practical experience On the 
other hand I have done sufficient “drag broom” work under varying con 
ditiousand in the light of my own experience. I have certain suggestions 
and comments to offer 

(4) The last portion of the second para on page 160 reads thus — 
* especially when the surface treatment is not done with cold binder, and a 
roller dragging a broom ' 

This indicates that a drag broom, towed by a roller on dry chips 
spread over a surface painted with cold binder, would tend to level up the 
unevenness of the road aurface I have grave doubts about this expected 
result in surface painting 30b with the help of the drag broom The 
chips wiU be dragged about carrying with them some of the binder and 
will be left here and there and will not take their proper place till such 
time as they do not get coated with binder by rolling and turning over 
m the course of movement under the drag broom la 'mix in place' 
work. It IS only when the chips get mostly coated with binder that the 
levelling up stait<(, with more coated chips taking their place m hollows 
with higher spots left more or le^s bare which eventually require being 
covered up with smaller grade of premixed chips It would, therefore 
appear that m a surface painting job with cold binder when coating of 
chips with binder is not intended, there can be no place for a drag 
broom for spreading dry chips m such a way as to correct the unevenness 
of the road surface. The last portion of the para quoted above might 
well have been omitted 

(5) In para on 'Tack Coat* on page 162 I think 'black top surface 
includes a pnraed water-bound surface also Therefore, it seems desirable 
to add ''including previously pruned wratcr-bound autfaces” after “black- 
top * to make the position more clear as has been done by the author m 
para one on page i6x 

{6) The same objection as mentioned above in the case of the last 
portion of para a on pag^ rdo applies to para 5 on page 166, and this as 
well might have been ouuttcd altogether, 

_ , ICf p^es21l lo 242 Apj endi* II Prrl2, Volomo Vlf, Proceeduigs of the 
Inaiftii UOaUn Congms 
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(7) I,et us consider the sentence m para 7 on page 166 uhicli 
reads thus * Then the aggregate is placed on the binder and <;pread out 
Q\er It with a broom drag to an average depth of anything from one half 
to one inch ” I doubt about the feasibility of use of a drag brootn of a 
type nith which we are all familiar m India m distributing the dry chips 
spread over a fluid binder which is to coat the chips on the road Besides, 
such uniform distribution, before the chips get coated with binder, is 
unnecessary, as in the mixing process the chips will be dragged and rolled 
and will leave the position which they are supposed to take before the 
next instalment of binder is put over them In my opinion the drag 
broom should be brought m use after the second instalment of binder is 
laid over the chips spread on the road surface covered with the bottom coat 
(first instalment) of binder. This is really what seems to be invariably 
done m this country as will also appear m the sequence of operations 
given m the specification of mix m place work on page 242 of Appendix 
II, Part 2 of this Volume 

(8) Aly experience differs a little from what is said in para 2 
under “The Process" on page 168 

In surfacing water bound macadam, somewhat more binder should 
be laid over the road surface as first instalment than in case of re- 
surfacing a sealed surface but not the most of the binder as suggested 
ID para 2 If, suppose according to this direction, 80 per cent of 
binder is laid, which has to be fairly fluid in order to coat the chips 
spread over it, then the chips will be more floating over the thick 
coat of binder than if it had been thinner The action of the drag 
broom m the former case will be to drag the floating chips wholesale 
m its front rather than nde over and roll them over in course of being 
dragged to get coated with binder Thus, when most of the binder 
la laid in the first instalment, it would take longer to coat the chips 
than when, say, 60 per cent of the binder is laid m the first instalment, 
on the road and 30 per cent as a second instalment over the top of chips 
spread over the first instalment of hinder After trying different pro- 
portions it has been found that, in case of sealed surface, the tack 
cciat (first mstaitneat) should have 50 per oerrt and 40 per cent should 
be laid over chips and, in case of waterbound surfaces, 60 per cent 
should be laid as tack coat (first instalment), and 30 per cent over chips, 
10 per cent in both cases being used in premixing smaller chips for 
covering up higher and bald spots and for rectification required otherwise 

Of course, whatever proportion of binder may be laid in the road 
surface, by the time the chips get coated, the road surface below is 
bound to be fully covered with the binder to act as a seal and the 
water bound macadam surface, being more roughish, will naturally retain 
more of the binder m hollows I would, therefore, suggest that m this 
para the words * most of the binder ' might with advantage be re- 
placed by 'about 60 per cent of the binder " 

(9) Tffe third para under "The Process" on page 16S might have 
been omitted altogether, the reason for which will appear from what 
13 said in discussing the specification for ' Spreading the mam aggre- 
gate," as given on page 1S6 (See para 13 below) 
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(10) In the comparative statement of cost on page 171, a mention 
of the particular binder used on the different works and also cost of 
labour calculated per 100 square feet m the differeat cases would have 
added to the usefulness of this table 

(11) Para uuder ‘ Drag broom" ou page 181 suggests that there 
iiiav be oue or more of tins ou a job, provided with rope haulage arrange- 
ment It has been found inexpensive that a drag broom may be attached 
to a power roller in its front with suitably designed steel linkage winch 
nta> enable it being pulled and pushed m backward and forward runs of 
the roller and it gives better results Having two drag brooms on each 
job, one provided with rope haulage arrangement and the otlier with steel 
linkage would appreciably quicken the work and costless 

(12) Para 2, under “Bottom or Seal binder" on page 185, speci 
fies that it should be spread from perforated Kero«me tm pourers 
In practice this is found not quite necessary and causes delay which 
could be a\ oided It is more expeditious to use ordinary pouring cans 
for laying the binder on the road surface and bass brooms and rubber 
squegees for spreading evenly over water-bound macadam and sealed 
surface respectively This paragraph had better been omitted altogether 
as the fourth and fifth paragraphs sufficiently specify the operattou of 
spreading binder on the road surface Perforated Kerosine tin pourer 
IS useful and, in fact, indispensable for laying the second instalment of 
binder over the top of chips 

(13) Paras 3 to 7 under "Spreading_ the mam aggregate" on 
page 186 specify the operation of spreading aggregate over the binder 
laid on the road surface I very much doubt about the feasibility and 
practical utility of lajing the biggest sized chips in depression and 
smaller ones on higher spots to start with In the process of coating 
chips by drag broom, chips must necessarily be dragged and moved from 
their original position and rolled over to get coated with binder and 
the result in practice is bound to be that the bigger and smaller chips 
if placed m hollows and high spots, will get mixed up and will not 
be left where they were originally placed On being so mixed up and 
coaled with binder it would not be possible for the drag broom to 
re sort them so as to leave the smaller chips over high spots 
and bigger ones into hollows Experience shows that, to start with, 
the biggest grade of chips should only be spread first without trying 
to place them in depressions only These under the action of drag 
broom will be all moved and get coated and will take position on the 
road surface except at the high spots which would be more or less 
left bare Depressions will naturally retain chips more than one deep 
according to the depth It is for covering the bare high spots that 
smaller grade precoated chips are required and are placed by hand and 
ou further working of the drag broom (unloaded) are levelled up mostly 
remaining on tlie high spots and only surplus going over the bigger 
chips Ij mg in deprcsssions and getting lodged m the interstices Some 
spots nu> again be found bare of chips and they require to be covered 
up witli still smaller grade of pre-coated chips Such sort of tmkerin » 
has been found unavoidaVe in actual practice Evidently the author 
of thc'se notes has also been experiencing such difficulties as appears 
from what he sa>s on page iS3, paragraphs 6 to 8. 
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(14) The direction in paragraph 2 on page iS 3 under ‘ Mixing by 
hand dragging** may lead people, new to the job, to think that it is 
to be worked in the same manner as a roller m consolidation job 
This, however, could not be the author’s intention "Most of our roads 
have opposite cross slopes (camber) from the centre line This makes 
It necessary that mixing of chips with binder and levelling up is done 
for each half at a time A drag broom la>ing partly on one side 
of centre line and partly on the other will not bear uniformly and 
part of it will be ineffective which is not the case with a roller on 
consolidation job This paragraph needs modification 

(15) Eighth paragraph on page 1S8 indicates that such rectifica- 
tion will be an exception rather than the rule But, as explained above 
and from what the author sa>s in the paragraphs preceding, it 
may be taken that such rectification is unavoidable on all work on 
uneven or corrugated surfaces for which alone such work has to be 
undertaken Under the circumstances, the direction for a report, when 
such rectification becomes necessary, being submitted to the Engineer 
m charge on the evening of same day is not likely to serve any use- 
ful purpose 

(16) The second paragraph under “Simultaneous mixing and rolling” 
on page i8g gives an impression that aggregates lying in hollows will 
start getting mixed with binder after the drag broom attached to the 
roller has made two or three trips This, however, is not so In fact it 
IS m the first 8 to 10 trips of the broom dragged by coolies that mixing of 
the chips with bmder starts taking place and these should get about half 
to three fourth coated before the drag broom attached to roller is brought 
over these Again, it seems suggested that rectificatiou, if anj, will have 
been done before the raixmg of aggregate with binder is completed In 
fact, any other rectification, except putting m extra chips (bigger grade) 
and bmder where the broom does not touch and move the chips 1> mg m 
depressions, if done before the chips get mostly coated, does not help, 
since the chip^j have got to be on the move till they are fully coated 
Rectification, such as placing of smaller premixed chips over high and bald 
spots should be done after the mam aggregate is almost fully coaled and 
hab taken up, more or Icbb, its final poaitiou m hollowb and the rest of the 
road surface except such places where there is not room enough for 
accommodating the mam aggregate one deep It is at this stage that 
ptemixed chips of smaller grade are laid m bare places, and, under drag 
broom, they take their proper places except the very highest spots on 
which still smaller premixed chips have to be placed and m this way 
the whole surface becomes covered with chips of appropriate size to give a 
level surface Broadcasting of the smallest dry chips is to be done after 
the levelling and covering of the whole area with coated chips is complete. 
A few further tnps of the drag broom (unloaded) make the finest chips 
get into the interstices of the coated chips uniformly and these do not get 
coated with bmder, as is suggested in last but one para of this section, as 
thej cannot roll and move over the rough surface on top of the precoated 
chips Besides, there is hardly likely to be spare bmder at the top of 
coated chips for coating the finer chips unless excessiv e quantitj had 
been used The finer chips remain sticking to the interstices of the bigger 
coated chips below and may or may not be permanently absorbed according 
as there is or is not spare binder to work up and cover them up. If they 
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get so absorbed, well aad good, otlierwise they are sucked up under 
pneumatic wheel traflic and lost, and a liquid seal, as suggested by the 
author in para 2, page 163, m counectiou with work with drag spreader, 
becomes necessary m this case also 

(17) The direction for opening the road to steel-tjred traffic after 
a week of completion of the work and after it had been open to pneumatic* 
t>red traffic m the meantime, does not seem to be practical For whatever 
period It IS decided to keep oS the traffic, it will have to be the same for 
all vehicular traffic that usually passes in that section of the road. This 
penod need not be the same for all kinds of binders that could be used 
for such work In case of hot binders like Road tar or Shelspra B S , it 
can evidentlj be shorter than in case of a cold application cut-back like 
Socofix For former, 24 hours and for the latter, 4S to 72 hours according 
to season should suffice 

(18} In conclusion, I feel there is little to recommend work with 
drag broom once we have found a better method of work with the drag 
spreader Evidently, the author also does not like the various rectifica- 
tions by hand to be inevitably done in a drag broom work if same has to 
be done on an uneven surface In fact it was this aspect and drawback 
of the drag broom work that led me to try hand laid p remixed chipping 
carpet work and it proved so straight forward and simple and gave such 
encouraging results that I find no justification in doing any more work 
with drag broom even when conditions do not admit of using the drag 
spreader With greater facility with the use of the drag spreader, there 
IS still less justification for going in for drag broom work Even the 
cost of work done with the drag broom compared to hand-laid premixed 
chipping carpet is against the former For the same quantity of chips, 
less binder will be required in a premixed chipping carpet work than m 
road-mix seal work and labour cost of former is found to be about three 
fourth of the latter In fact, the labour cost of hand-laid premtxed 
chipping carpet is only slightly more than that of surface painting and 
chipping work and the resulting surface is much substantial and there is no 
reason why the former should not replace the latter. Considering the 
longer life of a premixed chipping carpet, it should prove cheaper than the 
surface painted chipping work Therefore, it seems that, instead of trying 
to popularise the use of drag broom work, as is suggested by the author, 
attempt should be made to remov e the fnght about premix work and the 
wrong notion of its being more expensive la fact, I feel that the 
description and specification of the drag broom work should not have 
found a place m the author's notes on drag spreading work. 


Reply of Mr. W. L. Murrell, 0 B.E , (Author), to the above comments. 

Replies are para by para 

I. As regards the Delhi work. I was rather disappointed, as the 
road surface being corrected by drag spreading was not very' rough 
The depth of the hollows was scarcely half an inch between bumps 
S to 10 feet apart A road surface with i* to 2' hollows between bumps 
4 or 5 feet apart would have afforded a mjch more v iv id demonstration 
of the possibilities of this process 
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2 TJjere are reaJJy two papers in one It is not meant that 
road mix seal is a competitor to the drag-spreading of a preniiv Nor 
IS it meant that either process is to compete with ordinary surface- 
treatment The three processes are applicable in three different conditions 

This I have tried to explain at the top of pages 173 and i8r. 

Besides this, an tsscntial difference is that the drag spreading of 
premixed clnpi docs not afford a •?enl or water-prooBng, whereas Ibia 
js one of Die mam functions of a road-inix seal Many, beside Mr. Aimr# 
appear to overlook this point. 

3 Another reason for my treating the road-mix seal process is to 
try and keep the process m view The defects m India are m the plant, 
and not m the process, as I tried to point out on page 167 If any 
Province had 400 or 500 inifes of water bound roads to modernise chiefly 
for motor traffic, it would pay that province to get proper road mixers 
and adopt road mix seal 

Trom what I can see of it, Madras has recently "missed the bus" 
m this respect. 

4 lyast portion of the second para on page z6o 

With due respect for Hr Amir’s doubts, the use of a drag broom 
is standard practice m other countries using such binders 

5 Para on "Tack Coat page 162. 

It depends on the kind of priming that has been done 

If hot No I Road Tar and sand priming has been done, such as 
I introduced in Chota Nagpur, and it has been opened to traffic for 1 
few months, or if the cold priming is thm and has penetrated well, 
leaving a dull and lean looking surface, a tack coat should be done 

But if a good liberal dose of a fairly heavy primer like Shell Primer 
or Shalmiar Cold Tar Primer has been used, leaving the surface definitel> 
sticky, no tack coat is required. 

6 Para 5 on page 166 

Vide my reply m para 4 above. 

7. Para 7 on page 166 

I simply stated what the Australians do, aud I thmk the fact is 
mcutioucd m their specifications, a copy of which is to be had — Catalogue 
No IRC 69 — m the Roads Congress library. 

If Mr Amir refers to page 186, he will see that niy specification 
/or all aggregate to be road mixed provides that spreading shall be 
done by baud 

8. "The Process" para 2, page 168. 
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Mr Anur, perhaps rjgbtl>, quarrels ^\lth the word “most" In 
unting ‘most, “I meant the major part 

C%identl>, Mr Aniir has overlooked the table on page 183 and 
paras 4 and 5 on page 1S6 

9 "The Process, ’ para 3, page 168 

I disagree entirely, and would suggest that Mr Amir actually try 
the method before cntismg it 

10 “Comparative statement" on page 171 

The binder is mentioned in the relative detailed speciScation 

Evidently Mr Amir does not quite understand the table given 
on page 171 

The cost of labour per hundred square feet is given in the item 
which involves the factor 'c" 

Thus, if a cooly cost six annas or Rs o 375, per day the total 
cost of labour for priming, including contractors supervision and profit 
would be Rs o 56 x a 375, or Rs o 21 

II. Para under “Drag Broom” page 181 

I quite agree with Mr Amir that a drag broom on each end of 
the roller would speed the process up a lot The requited brooms need 
a little rigging however, and it would be best to begin with a single broom 

12 Para 2 under "Bottom or seal Binder' page 185 

If Air Amir will use the perforated kerosine tm pourcr, he will 
find that the application is almost as quick as with an ordinary bafile 
pourcr, and the process gives more even application besides reducing 
brooming to almost ml 

13 I do thmk that people who have not tried a process or a 
proceeding should not say or imply that it cannot be done 

14 Para 3, page 18S 

I have always worked m the manner described in the specifica> 
Uon It works all right A practical point m working from the edges 
first is that this prevents any binder from escaping at the edges 

15 Para S, on page i88 

I cannot agree w itU Mr. Amir 

I have studied this question of rectification a good deal, and I 
have come to tlie conclusion that most rectification is due to using 
too little material, or due to tr> mg to use this process on a road that 
IS too rough, I think Mr Meares, the pioneer of this process, 
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to economise too much lu order to make the process a competitor of 
ordinary surface treatment 

Mr Atmr has confessed that he does not hke the process It 
would ceem that he has not analysed the causes of the difficulties 
and troubles he Ins met with 

16 Para i, under *'S mini tan eons mixing and rolling" page 189. 

It IS difficult to see how Mr Amir can get the impression he 
mentions He will find at the foot of page 187 that hand dragging 
has alread> been done 

As regards the rest of Mr Amir's remarks under this para, they 
are evidently based on Ins experience with quantities which were much 
too small considering the roughness of the road surfaces with which 
he was dealing 

17 This refers to the last para on page i8g 

With due regard to Mr Amir, it should be possible to keep steel- 
tyred traffic off the road Indeed the matter is easy where Ukhs are 
pro\ ided for carts 

As regards using hot binders wholly for such work, as implied 
by Mr Atmr I have never heard of their use 

18 My replj under para 2 above may please be seen. 


Commenfs by Mr If. Bas Gupfa (Calcutta) 

^f^ Murrell s very interesting paper is of utmost value to Engineers 
entrusted with the work of road maintenance with a fixed sum of money 
It should be read \ery carefully by all road Engineers m India As 
Ins been pointed out bj the author, large savings can be effected by 
adopting one of these specifications and this is a very important con- 
sideration for improving the road rupeo ratio 

Generally my comments will be directed to the nomenclature, 
design of the drag spreader and the material for drag spreading w ork 
After dealing ^^lth these broad points, I shall express my views on 
minor points either agreeing or dissenting with the author I feel a 
little proud to mention here that the author has personally invited me 
to comment on his paper I have, therefore, read his paper as thoroughly 
as I could 


Nomefici Uure 
paper Ihe words 
Lcrtam operations « 


e title of the 
' really mean 
jnstruction 


actually laying a carpet of coated 
re are mixing stone chips whereas 
premixed stone chips on the road 
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surface with Drag spreader I would, therefore, suggest the following 
names for the “pecificatioii — 

' Coustruction of Asphalt or Tar macadam surface by Drag spread- 
ing Drag brooming and a ‘^Bituminous Macadam construction 
with a Drag broom/Drag spreader ' for the title of the paper, 
the word bituminous being used in its true definition and 
covering Tar products In either case the construction is of 
the Macadam type, the stability of the carpet depending on the 
interlocking of stone chips and the binding properties of the 
bituminous material used 


Design of Drag spreader From my own experience, I found three 
principal short comings of a Drag spreader of the existing design 

I Its inability to allow super elevation at the curves The blade 
shown in plate 2 is with a camber at the centre This 
difficulty may be obviated by having another steel blade with 
necessary super elevation at one edge This super-elevation 
may be accurately calculated from the usual formula — 

W V2 


where e— Super elevation in feet, 

W= Width of the road in feet, 

V= Velocity of the vehicle m feet per second, * 

R=The radius of the curvature of the road in feet 

Usual practice, however is to keep the same nse in the centre of the 
road and to elevate the outer edge by twice the central rise above the 
road surface Taking the author s example the super elevation will be 2 
inches at the outer edge of the curve of the road surface and therefore, 
the blade should be straight from edge to edge 

2 The other short-coming of the present design is the inability to 
adjust Its width to the road width It is very common to 
vvitne«;s the road width varjmg from say 20 feet in the town to 
i5 or 16 feet in the suburb and then probabl> to J2 10 or 9 
feet out'^ide town limits m the case of a road emerging out of a 
citv Also, different widths are adopted for different roads m 
the same distnct which mas be due to economic considerations 
or due to vanation m the amount of traffic on these roads. 
It is therefore, desirable to provide some adjusting device on 
the Drag spreader or Drag broom consistent with the necessarj 
ngiditj of these appliances Such an arrangement is «ihown 
m fig. I, faang page 190k- 

3. Thirdlj, the adjustment of the drag spreader for different 
thickne«ises of the carpet ma> be con^derablj improved bv 
adopting the arrangement shown w fig 2, /aaog page igol, 
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The bhde carrier is strapped by a 3/8 inch mild steel plate 
Another 1/2 inch plate bent twice at right angles is screwed on to 
the runner frame by four wood screws ihe timber blade with 
its steel edge is suspended by means of a bolt passing through 
a slot m the strap plate and is capable of being lifted up or 
lowered b> the nut on top of the Z shaped plate fi'ced in the 
runner In the design presented bv the author the adjusting 
nut IS at the sides of the runners and the blade is held up by 
friction only With long periods of work the blade may slide 
down slightly thus decreasing thickness of the carpet to be 
laid In the suggested design carpets from ’ incli to 2I 
inches may be laid 

Materials Referring to page 164 of the paper regarding binder I 
would state that recently experiments of drag spreading on the Sitamarhi 
Road were conducted with Socofix Socouy Asphalt Grade 105 Tar 
No 3 and Tar No 3A I believe the details regarding the use of these 
materials would be of interest to all Road Engineers 

Experiments with the first two materials were conducted by me 
with the assistance of the Engineering staff of aiuzzaffarpur District 
Board and were witnessed by Mr AlurrelJ himself Mr B B Gupta 
Executive Engineer P W D Rai Bahadur U S Jayaswal Rai Saheb 
bahay Assistant Engineer P W D and P W D overseers 


Socofiv which is a medium curing cut back asphalt containing 
nearly 80 per cent of bitumen was used cold at the rate of 3 3 pounds per 
cubic foot of i inch stone chips The mixing was done by hand operated 
drum mixers Each batch of 3 cubic feet required only 2 minutes on 
average The prennxed chips were carried by wheel barrows and 
delivered m front of the drag spreader 


Socony Asphalt Grade 105 which is a steam refined asphalt of 
8o/roo penetration was heated to 375 degrees 1 ahrenheit m steel drums 
over ovens dug at the road flank 10 pounds of thu asphalt was taken 
out to which was added 1 pound of Socosol and well mixed up by stirring 
with a stick The asphalt with Soco':ok n<is then poured over a batch of 
3 cubic feet of 1/2 inch stone chips loaded m a drum mixer Eor better 
and quick mixing half the quantity of asphalt vvas added to the stone 
chips the drum mixer rotated for 2 minutes and then the balance of 
asphalt was put and the mixer turned again until all the stone chips were 
thoroughly coated Each batch took 5 minutes to mis on the average 
The mixed chips u ere carried as usual by means of wheelbarrows and 
delivered in front of the drag spreader 

With Soconj asphalt, the rollings was done almost immediately alter 
spreading while with Socofix rolling was done after 4 to 6 hours lliis 
was due to higher percentage of solvent contained m Socofix m order 
that this material may be used cold 

As regards the working of the drag spreader and the organisation of 
UbouT, I would suggest that it would be sufficient and economical to 
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operate 6 nuxcrs With loo hrge a nutnber of niixcrs, thc/o nould be 
too nuttj coolies resulting in confusion, less elective hhour ami excessive 
labour cost Tucnlv or tbinv mixers «ouM rc«juiTc a large arci ami due 
to iusuiTjcJcntl> ttide limbs pcncratJ> aviitihlc. ibe lead ^sould be 
cxccssuc. Also ujtij loo fa|ml a progress of drag sprcoding work it \sould 
be ncccssar> lo more llic rntxcrs forsvarJ coiistatul>. adding lo tbc 
coo/usioa. With SIX mixers, il is possible to get looo cubic feet of imx 
per do) ulijch uouU cover zo.ckxj sauarc feet of road surface one inch 
thick 

The labour rcijuired for the output per da> would bo as detailed 

below 


Gang t. I. Screening stone chips and hlJing measures . . 4 

2. Carr) mg stone chips to mixers , ■ . . . < 6 

3. I'llling m asphalt and weighing the same .. i 

4. Carr) mg asphalt to mixers .2 

5 Turning Drum mixers . . , . . . . . 24 

6. Carrying premix m wheel barrows .. •• 3 

Gang 2 . 7. PuIImg Drag-spreader . , . . . . • • 5 

8. Wetting Roller Wheels . , , • • * , * 2 

9 Carrying water for boiler and roller wheels .. 3 

10 Touciimg up carpet after dragging and rollmg . , 3 

Gang 3 ir Cleaning road surface 

(aj with wire brushes . ..6 

(bj with bass brooms . , ♦. ..2 

(c) with soft brushes .. «. <. ..6 

X2 Appl) ing Primer or tai coat . . .4 


70 men 

Tor carrying stone chips, the- easiest, accurate and economical 
method IS to dll in a wooden box i foot m all dimensions, provided 
ivith two parallel wooden handles at two sides and let two coohes carry 
the box to mixer, each holding the ends of the two long handles This 
method IS adopted by contractors m the United Provinces, and is very 
quick and econounca! 

Now, ' ■ annas, 

the total 1 , ■ square 

feet, wherea ' ' , lOuM have 

Cost nearly labour as 

men as I am of opinion that the speed, efficiency of a work and its success 
are hampered by employing women or boys who appear to be idieaper. 
I would further suggest that in all contracts it should be exphcitly 
mentioned that all labour must be full grown able bodied men The 

boysor women employed cannot ^ ^ however cJiascd, 

and taking the cost of labour on the work done, it can be found that 
they are not really cheap 

Refernng to page 170 of the j^per where the author discusses 
the oth^r use5 of Dfflg spreader^ I think it wiU be advisable to use a 
straight asphalt instead of an emulsion. *tbere axe so many miles of 

good grouted roads near about Calcutta carrying intensely heavy bullock 
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I thank Mr. Das Gupta also for pointh/'^ out the spcci/icit/on 
o« pjs«? -9 of the booklet ''.Upbalts for Jiidid,** 


Mr W L. Murrell, O.B.E., (Author) has offered fho folhwlns furlliar remarks 
In conclusion : — 


As regards the road-mix seal jjrocc^f, J feel tli it / have /.iik*d r.ither 
iniicrablv m "putting this across". .’\Iost road cDgliuers .ippc.ir lo 
wHsider' It as a mere alternative to the drag !t]Jtc.idmg of .r chijipi/igs 
premix. or to an ordinary surface tfcatnient. 


I onlv «ish that these road engineers coiiM see the many hiimfrcils 
of miles o'f water-bound road which 1 have /ecu wh/eh ucie too rough 
for ordinary surface treatment, and yet not j.o rmtgU tJut they iiiiisl 
be reconsohdaUd before doing n Mirfatc (leiilniedt. 11 h in these 
hundreds, or thousands, of miles th.it ro, id-mix ^eiil haa tome into its own 


Perhaps I have been too optimistic in heth-vlug that the clieap 
ludia-made drag broom could perform ii PiJ/hi/rnth' huge |imtjon of the 
duties of a proper road mixer. 


On the other hand, as regards the adllin of n vhiyplngs pjemlx 
bw means of the drag spreader, 1 do ind I he uumIopI ^.athhKthm lint, 
with the hies'>iuL' of the highway eiigiiiM'is of tiolh ilie htlmui u dUtilhnlois 

share towards improving the muhrnpet* >n/n. 


Those who have folhjucd what Jia'i hren done to ihilc iis reg.irds 

drag spreading wiJi hy dim hate seen that Uu- inocesMH "Odv." by 
bitumen 

/have been pionJisid llole'i find phniogiaphs of successful dmg 
spreading with Jiidhiii Ifli iModnOt'!, hill it appears that they wJi not 
arrive in time to leceiie detailed dc'icripluMi or reproduction m this 
volume of the PlOccedhig<i> 


'"I'lll. <|| nliiii live dini nl lion 

* T>inl(*fiit 'riiilllc lilt Miiirniiii 

iDid'iix mil) ton M|i|Miitil (Hill I oil- 
*iti(iiti X niMMtr (III iniijiii itiiiiit l*iiili' 
innx Ilf liiiliit 'I'liit oiil> tiiill) xiiHh' 
fill (Ml) r'liliitiiiii U III (iiiivnl iIiIn 
tiitlllc ^1 x)i( I Iiiliy lliii ltuiv> (Ktllir 
of tlm )iiiif(xxi<iiiiil otitii — fniiii Iimi 

Tyt^'* to 'rjiin 'I III) piiK l> 

nil III HiiIIikU C'itit iIixk not du niiiili 
diiiiiiiun In HIM fill id loiidu, Ik iimd nnl> 
pi liiidli nil) I iinil iiftiii diMK not iimi 
linn 'r>Hx 'lim n\»itntlt)n of tlin 
finin'r^lid lint lx iiiontl) inniMitHl 
with inniii) 'rifiiixpoi I, n > liniixpoit loi Idle, 'linxi 
itiitxiiM) {ion*T>M d^'i fill) iniiv) loiidx iind npi lalit 
on nut fin 111 inidx in itiid nut nl 'i'nwilH, CltliK, 
tiiid ill trniixpnit to StiitliiiH, Millx, KImi (IliiitN, iti 
If tin xui iiitx \w in I iiMMi li d to Ihiniiniitii llipiip- 
till lit, htii'ti KiiiiiK nf iiioiiiy inwv inidiil fni intid 
niidnii tmin n i oidd lin mum d iind xpi nt- on iiiiwr mmlri, 
Mnili MHild 1)11 iKhinvid li> tin Idlnt; tldx piolili nt 
pli < I''ni( td In xidtidiln till iix mid l>> 

PROPAGANDA mid i xmii|i|it fioin riilillo AiillioiilliM, (Iomiii* 
nil lit ISodii K, 1 ti , 

AMI.NI)MtNr OF IlYK JAWS & IIIIGUUTIONS 

III otdii tn iiiiilliilii Iniidlllij nf imtx mid ptn\|i|<i 
Iniiiaxid pitydotidx fni imtx with Pm iiinnlhi T>i<h 
mid Tfidfi I fh mint; ffidix, 

TAXATION — 1 hii i<\( inpilnti of Pm iiinnlin npilppid imtx fioni 
lot III liixittloii win in xiii h I hIxIh mid ihn lnipii>ll{oii of 
rnxiiilnii on lion’T'>ii d i mN |il>(n(; for hln 
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A TESTIMONIAL! 

OVER 600 Engineering Ccntractcrs and Builders 
in Incia employ — 

MILLARS’ 


Concrete Mixers 

Asphalt Mixers (Cold and Hot 
Mix) 

Pumps 

Roller Pan Moitar Mixers 

Wheeled Rollers (for Road Main- 
tenance). Crushers 


Gravel Washers, Tarmacadarn 
and Asphalt Plants 

Sand and Stone Dryers, Concrete 
Carts. Wheel Eiarrowu Com- 
plete Well Points, Wincheu 
Concrete Vibrators. 
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MINIATURE WEIGHBRIDGE 


ROADSIDE CHECKS 


OVEDLOADEO LOMIES and BULLOCK (ABTS. 



The Avery No A 630 is a light, portable Weighing 
Machine for checking weights of lorries and bullock carts. 
Immediately the wheel is driven on to the platform the weight 
is automatically given on the chart. The combined readings 
taken represent the total weight of vehicle. 

W. & T. AVERY LTD. 

(INCORPORATED IN ENGUAND) 

Waterloo St.. CALCUTTA. 


BOMBAY: 


MADRAS : RANGOON : 


COLOMBO. 
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[i Ihe bus HI t7ie uicturs i* o«« o/ Jna» y i’uit 
Set vice hu»r* 

The Bombay Electric Supply and Trainwa>s 


bearing cha» s and un versa! jo ntsi THUBAN 
for transm ss on and d ffeient als For six t c^rs 
these special fy products have contributed 
mater ally towards eco omical and cfhc ent 
operation 

Vou too wif{ have greater freedom from 
repair costs and more enjoyable motoring if you 
sw tch over to MARFAK and THUBAN 


CALTEX (INDIA) LTD. 
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kin(j yon 

MORE ROOM 
NEW COMFORT 
A BETTER RIDE! 




loot at the maui%e lines of this new Ford 
V-8 for 1941 See the wide sweep of «U 
mudguards, the much wider body, the sue 
of those extra large doors and the greatly 
increased window area. 

The ' Ford way” of building cars makes it 
possible for )ou— and your family— to enjoy 
more room, new comfort and luxury and a 
better nde 

In many ways, the new Ford gives you more 
of the things you want See how the fea^ 
tures embodied m this big n«w Ford fif In 
with ^our own ideas' 
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